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UNDERLYING   PRINCIPLES   OF  GOOD   ILLUMINA- 
TION, AS  APPLIED  IN  MODERN  SYSTEMS 

BY  LEONARD  V.  JAMES,  E.  E. 
Associate  in  Electrical  Engineering 

(This  article  is  the  first  of  a  series  of  three  promised  The  Techno- 
GRAPH  by  the  author,  dealing  with  the  manner  in  which  modern  demands 
in  matters  of  illumination  are  being  met  by  advocates  of  indirect  lighting. 
Failure  to  announce  improvements  which  have  been  made  in  direct  light- 
ing equipment  should  not  be  misconstrued  into  meaning  that  there  have 
been  none  such — they  are  not  within  the  scope  of  this  series.  Acknowledg- 
ment is  due  the  National  X-Ray  Reflector  Co.  of  Chicago,  pioneers  and 
leaders  in  this  field,  for  the  photographs  in  this  article  and  for  data  and 
illustrations  for  the  ones  to  follow.) — The  Editor. 

The  progress  which  has  been  made  in  the  past  decade  in  the 
matter  of  illumination  is  little  short  of  wonderful.  There  have 
been  two  principle  causes  for  this  development.  In  the  first 
place,  as  has  recently  been  stated  in  the  editorial  column  of  a 
large  daily,  night  work  has  come  to  stay ;  in  other  words  modern 
commercialism  demands  a  longer  day  than  that  afforded  by  day- 
light. In  the  second  place,  important  developments  in  the  lighting 
units  themselves  have  not  only  made  better  illumination  possible 
but  they  have  actually  forced  the  consumer  to  demand  protection 
from  eye-strain  and  the  central  station  manager  to  seek  a  larger 
field,  both  of  which  conditions  are  being  satisfied  by  better  il- 
lumination. 

The  histor>-  of  modern  lighting  really  dates  back  only  to  1879, 
when  Edison  perfected  the  incandescent  lamp  and  placed  it  on 
the  market  as  a  competitor  against  gas.  arc  and  oil  lamps.  The 
competition  at  first  was  not  keen  because  of  the  cost  of  electric 
power,  and  the  oil  lamp  remained  in  general  use  until  within 
recent  years.  Because  of  the  generally  poor  diffusion  and  distri- 
bution in  vogue  during  this  period  there  was  at  no  time  real  de- 
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mand  for  adequate  and  i)roper  illumination,  even  in  places  where 
it  would  now  seem  absolutely  necessary.  There  were  a  few  who 
claimed  that  the  eyes  would  suffer  unless  a  mure  nearly  uniform 
lighting  was  secured,  but  such  bad  effects  as  did  appear  developed 
gradually  so  that  most  people  did  not  take  the  matter  seriously. 
The  svstem  which  flourished  under  this  condition  involved  ex- 
posed lighting  units,  of  which  tlie  bare  incandescent  lamp  or  the 
lamp  enclosed  by  a  practically  transparent  shade  are  fair 
examples. 

just  as  the  in\ention  of  the  Welsbach  mantle  permitted  a 
much  more  brilliant  light-source  at  the  gas  jet,  so  has  the  tung- 
sten or  mazda  lamp  provided  a  l)righter  source  for  the  electric 
fixture.  For  not  only  has  this  new  unit  a  much  better  efficiency 
than  the  older  carbon  lamp,  but  its  filament  may  be  heated  to  a 
higher  temperature,  causing  it  to  glow  at  a  greater  intensity  or 
brilliancy.  The  immediate  result  of  its  introduction,  aside  from 
encouraging  a  more  extended  use  of  electricity  for  lighting,  has 
been  to  exaggerate  the  previous  lack  of  uniformity  in  illumi- 
nation, making  it  more  uncomfortable  and  thus  forcing  people 
to  take  notice.  Another  result  has  been  the  aroused  interest 
among  central  station  men  in  behalf  of  better  and  proper  lighting, 
their  end  in  view  being  to  keep  this  high  efficiency  unit  from  re- 
ducing the  loads  on  their  plants  and  thus  their  cash  returns,  as 
well  as  to  advance  a  good  cause.  The  combined  effect  is  apparent 
in  the  very  general  interest  which  is  now  being  displayed  in  all 
civilized  parts  of  the  world,  in  this  matter  of  "proper  illumina- 
tion." 

Because  of  the  laxity  in  the  use  of  qualifiying  terms,  especially 
in  speaking  of  illumination,  it  is  well  to  consider  what  is  or 
should  be  meant  by  "good  illumination"  ;  also  to  ascertain  in  what 
manner  and  to  what  extent  the  claimed  improvements  in  lighting 
are  real  imjirovements  and  the  auKumt  of  additional  trouble  and 
expense  which  they  merit,  when  compared  with  the  so-called 
inade(|uate,  improper  and  obviously  cheaper  installations. 

To  answer  these  questions  it  is  necessary  only  to  investigate 
the  ]>urpose  of  providing  artificial  lighting  and  to  determine  the 
manner  in  which  these  improvements  affect  the  accomplishment 
of  that  purpose.  Inasmuch  as  the  only  need  fur  illumination  is 
for  seeing,  it  is  evident  tliat  tliis  investigation  involves  a  study 
of  the  eves  and   the-  manner  and   conditions  under  which   these 
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organs  best  perform  their  function.     This  matter  can  be  treated 
but  briefly  in  this  article.* 

The  pupil  and  retina  are  the  two  essential  parts  of  the  eye 
which  determine  and  are  most  affected  by  the  quantity  and  distri- 
bution  of   the   light.      Figures    i    and   2   show   very   clearly   the 


Fig.  I.  Pupil  of  eye  expanded  to 
let  in  plenty  of  light  when  il- 
lumination is  dim. 


Fig.  2.  Same  pupil  as  in  Fig.  i, 
contracted  to  shut  out  excessive 
light. 


manner  in  which  the  pupil  acts  to  control  the  amount  of  light 
entering  the  eye,  the  muscles  contracting  and  closing  the  opening 
when  necessary  to  shut  out  some  of  the  rays.  The  range  through 
which  this  action  is  possible  is  relatively  small, — about  one  hun- 
dred to  one. 

The  retina  is  the  nerve  or  sensitized  plate  upon  which  the  light 
rays  strike  and  which  conveys  the  impression  to  the  brain.  That 
this  nerve  can  operate  very  satisfactorily  throughout  a  consider- 
able range  of  light  intensities  is  evidenced  by  the  fact  that  the 
normal  person  can  read  print  of  medium  size  with  comparative 
ease  either  with  the  illumination  provided  by  a  full  moon  or  with 
that  of  the  noon-day  sun — a  range  of  over  10,000  to  i.  indicating 
that  the  retina  has  a  range  of  at  least  of  100  to  i.  Of  course, 
no  one  would  try  to  work  continuously  under  either  of  the  ex- 
treme conditions  noted.  In  fact,  just  as  normal  conditions  of 
life  limit  the  range  of  temperature  or  of  noise  to  which  a  person 
may  directly  be  exposed  without  discomfort  or  actual  injury,  so 
the  conditions  under  which  we  work  determine  to  a  considerable 
extent  the  definite  intensity  in  illumination  for  which  our  eyes 
are  best  adapted.     Should  it  seem  desirable,  this  intensity  could 

*  A  very  simple  but  excellent  treatise  entitled  "Light :  Its  Use  and 
Misuse"  and  known  as  a  Primer  of  Illumination  may  be  secured  by 
forwarding  ten  cents  to  the  Illuminating  Engineering  Society,  29  \A'est 
30th  St.,  New  York.  This  primer  contains  21  pages  of  very  interesting 
information,  prepared  by  experts. 
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be  altered  somewhat  without  serious  inconvenience  to  the  user, 
but  not  without  his  noticing  it.  Thus  the  average  illumination 
on  the  desk  of  the  author  at  night  has  been  found  to  be  five  foot 
candles  while  that  on  the  same  desk  in  the  daytime  is  from  one 
to  ten  or  twenty  times  that  amount.  This  is  under  ordinary 
working  conditions. 

The  real  problem  in  planning  for  artificial  illumination  is  there- 
fore not  so  much  the  amount  of  light  as  the  manner  in  which  it 
is  applied.  The  ideal  light-source  would  naturally  be  one  which 
would  give  a  uniform  number  of  rays  upon  the  work  from  all 
directions,  a  condition  which  may  be  approached  with  daylight. 
But  daylight  is  free,  artificial  light  costs,  and  economy  must  be 
considered.  As  a  result  we  find  tables  stating  definitely  the  light 
in  foot-candles  desirable  for  difl^erent  classes  of  interiors  such 
as  parlors,  offices,  drafting-rooms,  etc..  these  tables  indicating  the 
probable  minimum  lighting  which  most  eyes  would  need  to  dis- 
cern clearly  the  objects  in  the  room  or  to  perform  the  work  re- 
quired of  them.  In  many  cases  the  values  given  could  be  lowered 
if  good  distribution  and  diffusion  were  assured,  as  is  later  ex- 
plained. 

Distribution  and  diffusion  are  by  no  means  synonymous  terms. 
By  good  distribution  is  meant  uniform  lighting,  usually  having 
reference  to  the  '"working  plane,"  a  plane  parallel  to  the  floor 
and  from  two  to  three  feet  above  it.  Such  a  result  may  be  se- 
cured from  a  point-source  equipped  with  the  proper  reflector. 
(See  Fig.  7. )  To  be  diffused,  the  light  rays  producing  illumina- 
tion at  any  point  must  come  from  all  directions  so  that  there  can 
be  no  regular  reflection.  It  is  sometimes  impossible  to  secure  this 
effect  because  of  the  nature  of  the  material,  as  in  the  case  of 
polished  metal  or  furniture,  but  no  installation  should  be  counte- 
nanced where  conditions  of  good  distribution  and  diffusion  are 
not  at  least  approached. 

The  logical  question  following  such  a  statement  as  the  above 
is.  "Why  are  good  distribution  and  diffusion  desirable,  when  the 
eye  can  be  shown  to  operate  satisfactorily  throughout  so  great  a 
range  ?■■  The  answer  is  easily  found.  Try  first  to  read  a  news- 
paper held  a  foot  beyond  an  exposed  incandescent  lamp,  then 
place  a  piece  of  cardboard  between  the  lamp  and  the  eye  and 
try  again  to  read  the  paper.  The  amount  of  illumination  on  the 
sheet  is  practically  the  same  under  each  condition.  In  the  first 
case,  however,  a  large  part  of  the  retina  is  greatly  over-excited 
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by  the  direct  rays  and  is  unable  to  distinguish  the  characters. 
The  pupil  tries  to  protect  this  part  by  contracting  and  in  doing  so 
prevents  the  rest  from  securing  enough  light  for  it  to  operate, 
thus  completely  disabling  the  organ.  Contrast  this  with  the  com- 
parative ease  with  which  the  paper  is  read  in  the  second  case. 
Also  notice  that  the  "eye-strain"  in  the  first  case  is  very  unpleas- 
ant and  would  soon  prove  injurious. 

One  is  not  likely  to  encounter  quite  so  extreme  a  case  as  the 
above  in  practice  and  yet  a  little  eye-strain  for  a  long  time  will 
do  as  much  or  more  damage  than  the  greater  strain  for  a  short 
time.    Figures  3  and  4  show  how  a  desk-lamp  may  provide  many 
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Figs.  3  and  4.     Poor  distribution  of  light  over  desk. 
Fig.  5.    Good  distribution  in  desk  lighting. 

times  as  much  illumination  near  the  lamp  as  is  to  be  found  at  the 
edge  of  the  desk.  To  check  this  the  writer  investigated  a  few 
desks  in  actual  use  in  university  offices  and  soon  found  one  where 
the  relation  of  maximum  to  minimum  illumination  was  about  one 
hundred  to  one.  In  such  a  case,  one  can  imagine  the  different 
parts  of  the  eye  trying  to  make  the  rest  accommodate  itself  to  the 
intensity  to  which  those  parts  are  exposed,  the  result  being  a 
tug-of-war  or  wrestling  bout  which  would  soon  weary  the  worker. 
Neither  more  nor  less  light  nor  spectacles  can  correct  this  trouble, 
except  that  a  fixture  in  the  center  of  the  room,  designed  to  pro- 
vide general  illumination,  can  reduce  the  ratio  and  help  improve 
the  condition.  If  the  desk  must  be  lighted  by  an  individual  lamp, 
an  arrangement  is  suggested  in  Fig.  5  which  will  not  provide  so 
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much  li.c:lit  if  the  same  lamp  is  to  be  used,  but  will  correct  to  a 
considerable  extent  the  poor  distribution. 

IVobably  the  worst  offender  in  this  matter  of  differences  in 
light  intensity  within  the  range  of  vision  is  the  exposed  source. 
Direct  lighting  ( i.  e.  not  by  reflection)  is  all  right  in  many  places, 
but  it  should  never  be  possible  for  the  direct  rays  from  the 
electric  bulb  or  other  bright  source  to  enter  the  eye  of  the  one 
using  the  light.  Churches  should  recognize  this  principle  and  dis- 
continue the  practice  of  wearying  the  audience  and  handicapping 
the  preacher,  because  of  the  lamps  exposed  to  view  for  at  least  a 
part  of  the  services.  Another  fault  of  the  same  character  is  the 
presence  of  glare  or  regular  reflection  from  the  desk  or  paper  or 
from  objects  in  the  room.  One  need  not  look  directly  at  this  glare 
to  have  it  affect  him,  it  needs  only  to  be  within  the  range  of  his 
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Fig.  6.  Exposed  lamp.  About  the  same  illumination  on  ceiling,  walls 
and  working-plane.     No  diffusion.     Light  in  eyes.     Should  not  be  used. 

Fig.  7.  Nearly  opaque  shade  designed  to  distribute  over  working- 
plane  and  accomplishing  that  result.  Ceiling  and  top  walls  in  shadow. 
Eyes  protected.  Good  in  combination  for  drafting  room.  No  diffusion 
except  as  the  light  from  a  number  of  lamps  over-lap. 

F'ig.  8.  Hemispherical  bowl.  Pleasing  general  effect.  Enlarged  light- 
source  of  moderate  intensity.     Practically  no  diffusion. 
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vision.  Further  experiments  like  the  one  already  suggested  with 
an  incandescent  lamp  and  newspaper  will  illustrate  this  principle. 

Another  offence  through  differences  in  intensity  is  in  the 
presence  of  dense  shadows.  As  in  the  case  of  glare,  these 
shadows  need  only  be  within  the  range  of  vision  to  cause  part 
of  the  eye  to  attempt  to  become  adapted  to  their  intensities,  in 
spite  of  the  tendency  of  other  parts  to  bring  about  an  accommo- 
dation to  a  higher  illumination.  Thus  the  desk  should  not  be 
much  more  brilliantly  lighted  than  other  objects  within  view. 
This  is  contrary  to  the  advice  of  some  who  advocate  higher  illumi- 
nation of  one's  work  to  prevent  mind-wandering — a  condition 
which  really  calls  for  mental  control  rather  than  poor  lighting 
and  eye-strain.  Within  certain  limits  both  direct  reflection  and 
shadow  are  desirable  in  order  to  avoid  flatness,  so  that  after  all, 
the  matter  of  contrast  must  be  balanced  against  possible  eye- 
strain. 

The  evils  of  glare  and  dense  shadows  are  being  overcome  by 
the  combination  of  light  direction  and  enlargement  of  light- 
sources.  Through  directing  the  rays  by  means  of  proper  re- 
flectors, the  light  may  be  distributed  as  desired  and  the  eyes  pro- 
tected. By  enlarging  the  source  emitting  a  given  amount  of  light- 
energy,  the  brilliancy  of  that  source  is  decreased.  Another  effect 
of  increasing  the  size  of  the  source  is  in  the  greater  diffusion 
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Fig.    10 


Fig.  9.  "Semi-indirect"  lighting.  Approximately  half  of  the  light 
directed  to  the  ceiling  and  reflected  downward,  the  rest  passing  down 
through  a  more  or  less  dense  bowl.  A  pleasing  combination  of  direct  and 
indirect,  with  probable  lower  efficiency  than  either.  Fixture  lighted  to 
moderate   intensity,   ceiling  of  low   intensity.     Considerable  diffusion. 

Fig.  10.  Indirect  with  opaque  reflectors  and  bowl.  All  of  light  re- 
flected from  ceiling  which  constitutes  a  low-intensity  source.  Gives  very 
good  diffusion  and  distribution,  and,  under  favorable  conditions,  has  as 
high  an  efficiency  as  direct  lighting.  In  the  luminous  bowl  type  of  in- 
direct fixture,  art  or  frosted  glass  is  used  in  the  bowl  and  is  lighted  to 
about  the  same  intensity  as  the  ceiling,  the  combination  being  for  artistic 
effect  only. 
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secured,  there  being  less  chance  for  regular  reflection  of  a  large 
number  of  rays  into  a  person's  eyes  and  also  less  probability  of 
there  being  dense  shadows.  Figures  6-10  illustrate  the  application 
of  these  ideas  in  present  day  systems  of  lighting.  The  spaces  be- 
tween the  lines  represent  cones  each  of  which  contain  the  same 
number  of  rays,  so  that  the  intensity  on  the  wall  or  floor  may  be 
estimated  by  the  number  of  lines  or  cones  directed  to  the  same. 
The  sectional  line  W'-P  represents  the  probable  working-plane. 
The  diagrams  are  entirely  approximations  but  serve  to  indicate 
the  relative  distribution  and  diffusion  with  the  different  systems 
and  at  different  locations  in  the  room  for  the  same  system.  In 
determining  the  amount  of  light  contained  in  the  reflected  cone, 
the  walls  and  ceiling  should  be  considered  as  having  efficiencies 
of  from  twenty  to  seventy  per  cent — twenty  for  brown  or  dark 
blue  and  seventy  for  clean  flat  white  with  cream  and  chrome  yel- 
low close  the  seconds  at.  above  si.xty. 

Each  of  the  systems  represented  will  be  seen  to  have  certain 
advantages.  It  has  been  the  purpose  of  this  article  to  explain  the 
principles  upon  which  the  improvements  suggested  have  been 
based.  Because  indirect  lighting,  as  indicated  in  Fig.  10,  is  still 
somewhat  of  a  mystery  to  the  uninitiated,  especially  as  regards 
efficiencies  and  costs,  the  writer  hopes  to  discuss  this  system  at 
some  length  in  subsequent  articles. 


Every  young  man  comes  sooner  or  later  upon  a  dilemma  in 
which  he  is  more  or  less  drawn  in  opposite  directions  by  his  con- 
fidence on  the  one  hand  and  timidity  on  the  other;  a  desire  to 
perform  backed  by  the  courage  of  his  connections,  but  on  the 
other  hand  resisted  by  his  inability  to  see  his  way  through  in 
orderly  progression  to  a  desired  end.  This  is  about  the  time  to 
show  your  ner\-e.  Don't  be  dazed  and  baffled,  but  make  a  start. 
Use  your  wits  and  you  will  get  somewhere,  and  if  you  cannot 
always  see  the  end,  it  will  constantly  get  nearer  and  plainer  when 
you  go  as  far  as  you  can  see  and  then  see  how  far  you  can  go. 

W-\LTER  C.  Kerr. 


ACOUSTICS  OF  AUDITORIUMS 

BY  F.  R.  WATSON 
Assistant  Professor   of  Physics 

The  subject  of  architectural  acoustics  has  come  into  prominence 
in  recent  years  because  of  the  increasing  number  of  auditoriums 
with  unsatisfactory  acoustical  conditions,  and  because  of  the 
growing  demand  on  the  part  of  the  pubhc  that  architects  build 
halls  free  from  these  defects.  The  Auditorium  at  the  University  of 
Illinois  presents  an  example  of  a  hall  where  the  acoustical  prop- 
erties are  poor.  The  blame  in  this  case  cannot  be  laid  entirely  on 
the  architect  since  the  original  plans  were  not  carried  out  because 
of  lack  of  funds.  The  interior  of  the  hall  was  built  ver}^  plain  with 
almost  no  breaking  up  of  the  large  areas  of  smooth  wall  surfaces, 
and,  at  first,  the  building  had  no  carpets  or  curtains  except  the 
cocoa  matting  laid  in  the  aisles.  As  a  result  the  acoustics  proved 
to  be  especially  bad.  Sounds  persisted  too  long  so  that  words  ut- 
tered by  a  speaker  in  close  succession  lapped  over,  so  to  speak,  and 
auditors  had  difficulty  in  understanding  wdiat  was  said.  Also, 
echoes  were  set  up  because  of  the  large  dimensions  of  the  building 
and  form  and  position  of  the  walls. 

It  is  the  purpose  of  this  article  to  give  an  account  of  an  in- 
vestigation that  has  been  carried  on  for  several  years  to  determine 
the  causes  of  the  unsatisfactory  acoustical  conditions,  and  also  to 
find  out,  if  possible,  what  steps  to  take  to  improve  the  defects. 
The  results  of  the  investigation  show  that  both  of  these  objects 
have  been  attained  to  a  satisfactory  degree.  The  undertaking  is 
not  yet  completed,  since  the  final  changes  to  improve  the  acoustics 
have  not  been  made.  The  conclusion  of  the  matter  is  deferred 
at  the  present  time  because  of  the  proposed  installation  of  a  pipe 
organ  which  will  require  some  further  experimentation.  A  later 
article  giving  details  of  the  investigation  and  the  final  outcome  will 
be  published  as  a  Bulletin  of  the  University  of  Illinois  Engineer- 
ing Experiment  Station. 

Acoustical  Properties  of  the  Auditorium 
The  Auditorium  presents  many  acoustical  wonders.  A  watch 
ticking  on  the  pulpit  may  be  heard  far  away  at  a  particular  point 
in  the  gallery.  In  one  position  a  whisper  may  be  distinctly 
heard  after  it  has  traveled  a  distance  of  over  225  feet.  When  a 
speaker  talks,  the  hall  is  filled  with  a  reverberation  of  sound, 
while,  in  addition,  each  auditor,  whatever  be  his  position,  is  almost 
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sure  t«>  gel  an  ccIkj.  I  lie  si>eaker  himself  has  his  words  thrown 
back  at  him  distinctly  from  no  less  than  ten  different  directions. 
The  chaotic  conditit»n  may  well  be  imagined. 
Methods  of  Clre 
The  cure  of  such  a  case  might  well  be  considered  hopeless,  and. 
as  a  matter  of  fact,  cases  are  on  record  where  Auditoriums  have 
actually  l>een  abandoned  and  used  for  other  purposes  because  of 
the  acoustical  troubles.  Fortunately,  however,  methods  have  been 
developed  that  allow  even  the  worst  cases  to  be  improved.  Before 
taking  up  these  methods,  it  is  of  interest  to  consider  the  methods 
of  cure  prevalent  in  the  jKjjJular  mind.— namely,  the  use  of  wires 


FIGURE  I 

and  sounding  lioards.  As  a  matter  of  fact,  wires  are  of  practically 
no  licnefit.  and  sounding  boards  can  be  used  w4th  profit  only  in 
special  cases.  Wires  stretched  in  a  room  scarcely  aflfect  the  sound. 
They  have  much  the  same  effect  on  sound  waves  that  a  fish  line 
has  on  water  waves.  They  do  not  present  a  great  enough  obstacle 
to  make  a  disturbance.  The  author  has  visited  a  number  of  halls 
where  wires  have  been  installed,  and  has  vet  to  find  a  case  where 
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pronounced  improvement  has  resulted'.  In  one  case  cited",  five 
miles  of  wire  were  stretched  in  a  hall  without  helping  the  acous- 
tical conditions.  It  is  curious  that  so  erroneous  a  conception  has 
grown  up  in  the  public  mind  when  there  is  so  little  experimental 
basis  to  support  it. 

Sounding  boards,  on  the  other  hand,  have  value  in  special  cases. 
Fig.  I  shows  a  photograph  of  a  sounding  board  used  by  the  author 
in  an  investigation.  This  board  produced  a  pronounced  efifect, 
and  directed  the  sound  in  a  way  that  could  be  anticipated.  Its 
shape  is  that  of  a  quarter  section  of  a  paraboloid  of  revolution. 
Earlier  attempts  with  other  boards  were  not  so  successful.  Thus 
a  flat  board  about  5  feet  square  placed  obliquely  over  the  head  of 
the  speaker  produced  but  little  effect.  A  canvas  sheet,  12  x  20 
feet,  similarly  placed,  was  but  little  better,  although  speakers  said 
they  could  talk  better  under  it  than  out  in  the  open. 

The  parabolic  reflector,  however,  gave  pronounced  results. 
Previous  calculations  indicated  that  the  sound  would  be  directed 
to  a  certain  region,  and  this  proved  to  be  so.  Auditors  in  this 
region  protested  vigorously  against  the  echoes  set  up,  but  the  rest 
of  the  audience  was  free  from  the  usual  annoyances.  Such  a 
reflector  is  limited  in  its  usefulness,  since  it  is  readily  seen  that 
it  can  be  used  only  for  the  case  of  a  speaker  who  occupies  a  defi- 
nite position.  Any  movement  on  his  part  takes  him  away  from 
the  focus  of  this  paraboloid  and  the  beneficial  reflecting  power  of 
the  board  is  diminished.  Such  a  board  would  be  of  advantage  in 
churches  where  the  speaker  occupies  an  elevated  pulpit  and  is 
thus  confined  to  a  definite  position. 

One  other  suggestion  set  forth  by  the  public  in  cases  of  poor 
acoustics  is  for  architects  to  model  auditoriums  after  those  al- 
ready built  that  have  good  acoustical  properties.  It  does  not 
follow  that  halls  so  modelled  will  be  successful,  since  the  materials 
used  in  construction  are  not  the  same  year  after  year.  For  in- 
stance, a  few  years  ago  it  was  the  custom  to  put  plaster  on  wooden 
lath.  Now-a-days  the  plan  is  to  put  hard  plaster  on  wire  lath — 
an  entirely  different  form  of  construction.  This  latter  arrange- 
ment gives  hard,  non-porous  walls  which  absorb  but  little  sound 
and  thus  aggravate  the  reverberation.  Furthermore,  a  new  hall 
usually  is  changed  somewhat  in  form  from  the  old  one,  and  it  is 
very  likely  that  the  changes  will  affect  the  acoustics. 

We  now  turn  to  methods  that  are  based  on  scientific  work. 


^  Science,  Vol.  35,  page  833,  1912. 

'  Sabine,  Architectural  Quarterly  of  Harvard  University,  March,  1912. 
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Professor  Sabine  of  Harvard  University  has  developed  a  method 
for  curing  the  reverberation  in  rooms.  His  method  is  well  illus- 
trated bv  the  case  of  a  house  when  vacant  and  when  furnished. 
Everv'one  has  doubtless  observed  that  the  hollow  reverberations 
in  an  empty  house  disappear  when  the  house  is  furnished.  So  in 
an  auditorium,  the  reverberation  is  stopped  when  hangings,  cur- 
tains and  the  like  are  installed  in  sufficient  numbers.  Professor 
Sabine  carried  on  an  interesting  investigation  for  a  number  of 
years  and  found  out  a  definite  relation  between  the  time  of  rever- 
beration, the  volume  of  the  room  and  the  absorbing  power  of 
different  materials.  The  larger  the  room,  the  longer  will  the 
sound  persist,  while  the  greater  the  amount  of  absorbing  material, 
the  shorter  will  be  the  time  of  reverberation.  He  has  determined 
the  absorbing  power  of  many  substances  so  that  an  architect  can 
not  only  cure  a  hall  of  poor  acoustics,  but  he  can  calculate  in  ad- 
vance of  construction  w  hat  the  time  of  reverberation  will  be.  In 
this  connection,  it  is  interesting  to  learn  that  an  audience  is  one  of 
the  best  absorbers  of  sound — a  fortunate  thing,  since  an  audience 
is  a  necessary  part  of  an  entertainment  in  an  auditorium.  Fur- 
thermore, we  learn  that  a  woman  absorbs  more  sound  than  a 
man.  This  is  due  not  to. their  traditional  ability  to  talk,  but  to  the 
fact  that  they  wear  more  clothes  than  a  man. 

Coming  back  to  the  investigation  in  the  University  Auditorium, 
it  is  seen  that  one  very  definite  method  was  available  to  improve 
the  acoustical  conditions — namely,  Sabine's  plan  of  bringing  in 
furnishings,  curtains,  etc.  Now,  while  it  was  clear  that  this  pro- 
cedure would  cure  the  reverberation,  there  was  no  assurance 
that  it  would  also  stop  the  echoes.  So  the  author  set  to  work  to 
investigate  this  latter  subject  and  spent  several  years  on  the  prob- 
lem. 

TXVESTIG.ATION   OF  EcHOES 

Before  an  echo  can  be  cured,  it  is  necessar}^-  to  find  the  reflecting 
surface  that  causes  the  echo.  In  the  case  of  a  man  before  a  clifif, 
the  case  is  easy.  The  man  claps  his  hands,  and  an  instant  later 
gets  the  sound  reflected  from  the  cliff.  This  procedure  was  tried 
in  the  Auditorium,  and  plenty  of  echoes  were  obtained. — too  many 
in  fact — so  that  it  was  difficult  to  say  from  which  wall  each  came. 
It  became  evident  at  once  that  it  would  be  necessarv-  to  trace  out 
the  sound  in  one  direction  at  a  time  and  see  what  became  of  it. 
The  difficulty  was  to  find  a  suitable  method  to  accomplish  this  re- 
sult. A  small  clock  backed  by  a  reflector  gave  a  small  bundle  of 
-sound    that    could    be   directed.      Considerable    information    was 
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gained  in  this  way.  Further  data  was  obtained  when  a  metro- 
nome giving  more  sound  was  used.  This  was  put  in  a  sound 
proof  box  and  only  a  part  of  the  sound  allowed  to  escape  through 
a  hole  that  could  be  pointed  in  a  definite  direction.     See  Fig,  2. 

The  final  solution  came  when  an  alternating  arc  light  was  used 
as  the  source  of  sound.  This  arc  gave  forth  both  light  and  a 
hissing  sound,  and  these  traveled  oft"  together.  All  an  observer 
had  to  do  was  to  note  the  position  of  the  spot  of  light  and  he 
could  "see"  where  the  sound  struck  a  wall.  It  was  found  that 
the  main  volume  of  sound  was  reflected  so  that  the  angle  of  in- 
cidence equalled  the  angle  of  reflection — the  same  as  the  law  of 
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FIGURE  2 

reflection  of  light.  A  systematic  survey  of  the  acoustics  was  then 
made  by  means  of  this  arc  light,  and  the  main  paths  followed 
by  the  sound  were  definitely  traced.  Hangings  were  installed  at 
certain  points  and  the  effect  on  the  acoustics  noted.  Thus  the 
acoustics  were  improved  step  by  step  by  hanging  curtains  here  and 
there  as  the  progress  of  the  survey  indicated.  There  were  a  num- 
ber of  echoes  that  still  remained,  and  it  became  evident  that  more 
radical  steps  should  be  taken  to  eliminate  them.  Four  large  can- 
vas sheets  were  installed  in  the  dome  and  the  echoes  were  stopped 
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when  the  speaking  was  done  from  the  center  of  the  stage.  The 
improvement  was  ver>-  marked.  When  a  large  audience  was 
present,  the  reverberation  also  was  reduced  a  satisfactory  amount, 
and  for  the  first  time  the  acoustical  conditions  were  passable. 

The  results  thus  obtained  indicate  in  a  general  way  what  sort  of 
permanent  changes  should  be  made  to  improve  the  acoustical  con- 
ditions. The  final  installation  of  materials  should  conform  to  the 
color  and  architectural  features  of  the  Auditorium  instead  of 
being  unsightly  and  haphazard  as  the  hangings  were  for  the  in- 
vestigation, Some  further  experiments  are  to  be  done  concerning 
the  installation  of  a  pipe  organ,  and,  as  already  stated,  it  is  pro- 
posed to  publish  later  a  detailed  article  covering  the  whole  inves- 
tigation. 


The  engineer  is  likewise  a  member  of  society,  from  which  he 
gets  much  and  to  which  he  owes  much.  Society  is  the  relation 
of  man  to  man.  He  gets  from  it  not  only  the  knowledge  of  life 
as  it  exists  at  present,  but  the  history  of  its  past  development  as 
it  has  left  its  impress  on  art,  literature,  science,  and  human  experi- 
ence. It  alone  has  made  possible  the  evolution  of  man  from  a 
lower  to  a  higher  state.  In  its  rich  soil  alone  the  individual  soul 
may  germinate  and  expand  into  something  larger  and  nobler. 
Man,  and  especially  the  engineer,  cannot  afiford  to  withdraw  from 
its  stimulating  influence. 

Frank  H.  Constant. 


SOME  GENERAL  CONSIDERATIONS  WITH  REGARD 
TO  RAILWAY  ORGANIZATION 

ERNEST  RITSON  DEWSNUP 

Professor  of  Railway  Administration 

In  railway  administration,  as  in  other  fields  of  activity,  the 
type  of  organization  is  less  important  than  the  type  of  men  who 
control  it.  A  theoretically  inferior  organization  may  frequently 
be  made  to  work  admirably  under  the  supervision  of  a  man  of 
force  and  ability,  just  as  a  superior  one  may  fail  to  be  successful 
in  the  hands  of  an  individual  lacking  these  qualities.  Nevertheless 
a  well-arranged  organization  is  a  most  desirable  thing — an  aid 
to  the  work  of  administration  of  the  highest  importance.  The 
desire  for  efficiency  stultifies  itself,  however,  when  it  leads  to 
frequent  disturbance  and  agitation  of  the  existing  organization, 
in  the  search  for  improvement.  The  restlessness  of  employees 
that  invariably  results  from  such  a  state  of  affairs  is  distinctly 
antagonistic  to  the  highest  efficiency.  The  mere  fact  that  a  rail- 
way has  grown  into  a  certain  form  of  organization  is  a  most 
powerful  argument  why  it  should  be  retained,  to  be  combatted 
only  by  the  clearest  proofs  of  the  net  advantage  to  be  gained  by 
change.  Such  advice  may  be  regarded  as  ultra-conservative,  and 
yet  many  instances  could  be  pointed  out  in  which  radical  reforms, 
hastily  inaugurated,  have  caused  unquestionable  mischief. 
Generally  speaking,  it  may  be  taken  as  axiomatic  that  change 
should  proceed  by  way  of  modification  rather  than  by  way  of 
annihilation.  The  assimilation  of  new  conditions  is  a  somewhat 
slow  process  even  with  the  most  intelligent  men,  and  a  surfeit  of 
such  diet  is  apt  to  set  up  official  indigestion.  No  organization  can 
be  understood,  or  fairly  criticized,  without  reference  to  the 
history  of  its  growth. 

If  an  organization  can  be  regarded  as  a  function  of  its  past 
environment,  with  equal  propriety  it  may  be  looked  upon  as  a 
function  of  the  present.  There  is  no  type  that  is  standard  in  all 
of  its  details  for  every  combination  of  conditions.  Comparisons 
of  particular  organizations  have  sometimes  been  lacking  in  point 
by  reason  of  their  failure  to  recognize  the  local  conditions  of 
adaptability.  Because  the  divisional  type  of  railway  operating 
organization  is  the  one  that  has  shown  itself  best  adapted  to  the 
requirements  of  the  average  American  railway,  it  is  not  to  be 
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inferred  that  there  is  no  place  anywhere  for  the  departmental 
system  or  that,  under  other  conditions,  such  as  those  in  England, 
say,  the  departmental  system  may  not  be  peculiarly  suited  to  the 
needs  of  the  railways  of  that  country. 

American  railway  organization  has  shown  considerable  elasti- 
city. Much  of  the  success  achieved  has  been  due  to  the  fact  that, 
in  general,  its  historv  has  been  one  of  evolution,  not  of  revolution. 
X'iolent  changes  of  organization  have  been  somewhat  uncommon. 
The  last  conspicuous  reform,  that  represented  by  the  introduction 
of  the  unit  or  Hines  system  on  the  Harriman  lines,  is  itself  an 
example  of  the  evolutionary  process,  for  it  may  fairly  be  regarded 
as  the  logical  development  of  the  divisional  system.  W'ith  the 
increase  in  size  of  the  unit  of  organization,  however,  certain 
problems  of  internal  adjustment  have  become  emphasized,  and 
the  brief  consideration  of  these  is  the  purpose  of  the  present 
paper. 

A  <|uestion  that  is  often  before  the  heads  of  railway  organi- 
zations is  the  one  as  to  whether  it  is  advisable  for  a  railway  to 
fill  vacant  official  positions  from  among  the  officers  of  other  rail- 
ways. 

The  special  conditions  surrounding  the  appointments  must  de- 
termine what  is  to  be  done,  but  the  conservative  policy  of  making 
promotions  from  among  those  already  in  the  service  of  the  com- 
pany concerned  seems  to  have  justified  itself,  in  spite  of  some 
brilliant  exceptions.  The  Pennsylvania  Railroad  is  one  of  the 
most  notable  of  American  railways  from  all  aspects  of  operation, 
and  it  seems  to  have  maintained  its  premier  position  without 
drawing  upon  other  railways  to  any  large  extent.  Familiarity 
with  local  conditions  and  traditions  might  be  set  ofif  against  greater 
ability  even,  to  say  nothing  of  the  encouragement  to  good  work 
such  i)romotion  from  within  the  forces  of  the  company  gives 
to  men  eligible  for  advancement.  Of  course,  too  great  a  sacrifice 
cannot  be  made  to  secure  the  advantage  of  local  knowledge,  and 
a  road  so  unfortunate  as  to  jwssess  but  mediocre  ability  in  its 
subordinate  officers  must  necessarily  go  outside  in  its  own  inter- 
ests. lUn  under  normal  conditions  the  failure  to  find  suitable 
material  for  {promotion  within  the  com])any  nuist  be  regarded  as 
a  reflection  upnu  the  conditions  of  service  and  training.  .And,  be 
it  said,  neglect  of  attention  to  the  pro]ier  training  of  botii  officers 
and  men  has  cost  American  railways  many  millions  of  dollars. 
I'ndcr  such  circumstances,  there  is  need  of  an  infusion  of  new 
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blood  and  new  ideas,  and  hence  a  justification  of  a  search  for  men 
outside.  Of  course,  where  favoritism  and  nepotism  have  been 
allowed  to  dominate  official  appointments,  the  administration  may 
be  so  weak  or  corrupt  or  both  as  to  demand  the  unhesitating 
application  of  a  severe  pruning,  making  regrafting  from  other 
sources  unavoidable  but,  fortunately,  it  is  but  rarely  in  these  highly, 
competitive  days  that  conditions  become  so  bad. 

The  general  question  of  promotion  is  one  full  of  difficulty.  The 
principles  of  seniority  and  efficiency  seem  to  be  frequently  in 
conflict.  Yet  a  careful  study  of  the  problem  would  seem  to  indi- 
cate that,  normally,  promotion  should  and  will  go  by  seniority. 
The  slavish  following  of  the  rule,  however,  is  ridiculous.  A 
railway  is  a  profit-seeking  undertaking,  and  must  place  the  talent 
that  is  available  to  it  in  those  positions  in  which  it  can  secure  the 
greatest  efficiency  of  management.  Accordingly,  the  rule  of  pro- 
motion by  seniority  must  suffer  exceptions,  but  the  exceptions 
should  be  made  only  in  cases  where  the  very  special  fitness  of 
the  junior  for  the  position  is  beyond  doubt.  In  estimating  fitness, 
mental  agility  or  prepossessihg  personality  should  not  be  allowed 
to  outweigh  less  seductive  but  more  solid  qualities.  Hard-headed 
common  sense  and  absolute  reliability  should  be  the  indispensable 
prerequisites  to  consideration  for  any  official  position.  Xo  bril- 
liance of  speech  or  thought,  no  diploma  or  testimonial,  can  com- 
pensate for  the  absence  of  such  virtues.  A  third  fundamental 
qualification  should  be  that  of  broad-mindedness,  the  ability  to 
realize  that  there  may  be  other  tenable  points  of  view  than  one's 
own,  to  perceive  these  and  to  allow  for  them  according  to  their 
merits.  Many  difficulties  of  discipline,  many  official  disagree- 
ments arise  out  of  a  lack  in  this  particular :  it  would  not  be  un- 
dulv  extravagant  to  regard  it  as  the  most  important  factor  of 
success  in  the  management  of  men.  It  is  surprising  on  how  small 
an  equipment  of  knowledge  of  human  nature  some  men  con- 
tinue to  carry  responsibility.  I  take  it  for  granted  that  broad- 
mindedness  includes  fair-mindedness.  No  official  without  fair- 
mindedness  can  long  handle  men  successfully.  Disobedience  and 
insubordination,  inefficiency  and  extravagance  are  the  results 
inevitably  reaped  by  such  an  individual.  Better  severity  with 
justice  than  graciousness  with  partiality.  As  in  the  case  of  the 
school-boy  who  remarked  of  the  famous  school-master.  Doctor 
Temple:     "He  is  a  beast,  but  a  just  beast,"  impartiality  will  de- 


i8  The  Technograph 

mand  and-  secure  from  employees  respect,  in  spite  of  rigorous 
discipline. 

A  severe  and  unapproachable  manner,  however,  is  a  serious  dis- 
qualification to  a  railway  officer,  and  should  be  got  rid  of.  Not 
that  the  division  superintendent,  or  other  official,  should  be  Tom. 
Dick,  or  Harry,  to  those  for  whose  efficient  discharge  of  duty 
he  is  responsible.  A  certain  amount  of  pride  of  position  is  allow- 
able and  desirable.  I'ut  it  is  possible  to  show  bonhomie  without 
sacrifice  of  proper  dignity,  and  the  combination  of  the  two  is 
mightv  effective  in  drawing  forth  from  subordinates  their  sin- 
cerest  eflforts.  A  whole-hearted  support  is  secured  that  would 
otherwise  be  lacking.  Subordinate  officers  feel  that  they  are 
not  servants  but  appreciated  colleagues.  In  days  gone  by,  one 
of  the  proudest  boasts  of  railway  officialdom  in  America  has  been 
its  accessibility.  Nowadays.  I  am  afraid  that  this  has  been 
seriously  diminished.  It  is  almost  as  difTficult  to  penetrate  to 
some  officials  as  to  the  Czar  of  all  the  Russians.  The  former  has 
its  evils,  but  they  are  in  no  w-ay  comparable  with  those  of  the 
latter.  In  some  instances  this  extends  even  to  the  relations  be- 
tween the  chief  of  a  department  and  his  lieutenants. 

-A.  modified  form  of  the  same  evil  results  from  the  tendency  of 
some  departmental  chiefs  to  overburden  themselves  with  detail. 
The  eye  of  the  master  should  be  everywhere,  but  it  does  not  fol- 
low that  his  hand  should.  The  efficient  chief  reveals  his  skill, 
first,  in  selecting  capable  assistants,  and,  secondly,  in  leaving 
them  alone  to  do  their  assigned  work.  This  principle  of  local 
responsibility  is  an  extremely  important  one.  Its  application  re- 
sults in  better  work  on  the  part  of  subordinate  officers,  who  are 
given  a  chance  to  use  their  judgment,  thereby  developing  initiative 
and  self-reliance.  While  there  must  be  a  certain  degree  of  uni- 
formity in  standards,  in  accordance  with  which  all  must  work  for 
the  good  of  the  concern,  there  is  still  left  a  wide  field  in  which 
methods  may  be  left  to  those  charged  with  the  immediate  super- 
vision of  the  work  so  long  as  the  proper  results  are  secured. 
Relieved  of  this  detail  work,  the  departmental  head  has  time  to 
attend  to  his  own  projjcr  duties,  viz..  to  secure  harmonious  co- 
operation between  the  forces  he  controls,  to  consider  the  general 
policy  of  his  department  and  t. »  discuss  the  same  with  his  col- 
league— assistants,  and  so  far  as  practicable  to  study  the  working 
of  corresponding  dei)artnicnts  elsewhere  and   all  other  relevant 
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matters  that  may  not  be  embraced  within  the  daily  routine. 
Some  officers  seem  to  think  that  their  duties  leave  them  no 
possible  opportunity  of  study.  This  may  be  so  in  some  un- 
fortunate instances  but,  as  already  indicated,  it  is  more  often 
than  not  due  to  the  inability  of  the  officer  himself  either  to  secure 
the  right  men  as  assistants,  or  to  credit  them  with  the  capacity 
of  handling  their  own  duties,  an  attitude  provocative  of  distrust 
and  discontent  which  readily  translate  themselves  into  waste  and 
extravagance. 

In  visiting  the  office  of  an  esteemed  friend,  who  is  the  vice- 
president  in  charge  of  operation  of  one  of  the  large  railway 
systems  of  the  country,  I  have  often  been  struck  by  the:  freedom 
of  his  table  from  documentary  litter.  Here  is  a  man  at  the  head 
of  a  whole  army  of  employees  who  can  find  time  to  consider 
policies,  consult  with  his  lieutenants,  discharge  the  thousand-and- 
one  duties  attaching  to  his  responsible  position,  and  he  does  it 
all  with  a  clear  table.  A  clear  table  has  come  to  identify  itself 
in  my  mind  with  business  efficiency  of  the  highest  kind.  But  it  is 
impossible  of  attainment  except  where  the  principle  of  local  re- 
sponsibility is  understood  and  properly  applied. 

Connected  with  this  subject  is  that  of  undue  formalism  between 
officers,  or,  in  a  familiar  phrase,  red  tape.  There  is  a  great  deal 
of  difference  in  this  respect  between  different  departments  and 
different  railways,  but  I  am  inclined  to  think  that  not  a  few  de- 
partments are  cursed  with  a  superabundance  of  interofficial 
letter  writing.  Official  letter  writing  is  a  necessary  evil,  and  like 
all  evils  it  may  easily  become  rampant.  Profuse  letter  writing 
easily  develops  misunderstandings,  holds  officers  off  from  one 
another,  consumes  time  and  money.  Anything  that  will  conduce 
to  the  cutting  of  this  red  tape  is  to  be  welcomed,  and  it  is  one  of 
the  hopeful  things  about  the  new  plan  of  divisional  organization, 
introduced  by  the  Harriman  lines  in  the  beginning  of  1909,  that 
it  promises  to  reduce  the  number  of  letters  written  "about  40  to 
50  per  cent."    There  is  obviously  room  for  reform. 


But  finally,  let  no  student  pursue  an  education  alone  for  its 
material  ends.  He  should  strive  to  be  not  only  a  trained  special- 
ist but  also  an  educated  man,  and  some  day,  if  not  now,  he  will  see 
that  the  latter  is  as  desirable  as  the  former. 

Ira  O.  Baker. 


THE   DETERMINATION    OF   STRESSES   IN    STEEL 

STRUCTURES  BY  THE  USE  OF  THE 

BERRY  STRAIN  GAGE 

BY  G.  P.  BOOMSLITER 
Instructor   in    Theoretical   and   Applied   Mechanics 

It  is  a  well  known  law  of  mechanics  that  a  bar  of  steel  is  de- 
formed 1)V  the  application  of  a  f(jrce  to  it,  the  deformation  within 
certain  limits  h>eing  proportional  to  the  stress  set  up  by  the  load. 
The  relation  l)etween  the  deformation  and  the  stress  due  to  an 

c 
axial  load,  is  expressed  by  the  equation  S  =  E  .   .  where  ^  is  the 

unit-stress  set  up  in  the  material.  E  is  the  modulus  of  elasticity  of 
the  material,  e  is  the  elongation  or  shortening  in  a  length  /.  From 
this  it  is  clear  that,  if  upon  the  application  of  a  load  to  a  frame- 
work, the  change  in  a  detinite  length  of  one  of  its  members  can 
be  found,  the  unit-stress  in  that  member  due  to  the  load  may  be 
determined,  provided  that  the  modulus  of  elasticity  of  the  ma- 
terial is  known. 

The  Berry  strain  gage  is  an  apparatus  for  the  exact  measure- 
ment of  such  changes  in  length.  It  consists  of  a  metal  frame, 
with  two  pointed  steel  legs  projecting  at  right  angles  from  the 
ends  and  on  the  same  side  of  the  framework.  One  of  them  is 
rigidly  attached  to  the  framework ;  the  other  pivoted  to  it.  At- 
tached to  the  pivoted  leg  is  a  multiplying  lever  which  extends  back 
within  the  framework.  In  contact  with  the  end  of  this  lever  is 
an  Ames  dial  micrometer  w  hich  records  to  7—7-  of  an  inch  the 
motion  of  the  end  of  the  lever.  x\s  the  multiplying  lever  multi- 
plies the  mcjtion  at  the  end  of  the  pivoted  leg  by  5,  the  dial  records 
this  motion  to  ^^^  inch.  This,  in  a  lo  inch  gage  length,  corre- 
sponds very  closely  to  a  change  in  stress  of  600  lb.  per  sq.  in. 

Fig.  I.  is  a  sketch  of  the  Illinois  type  of  Berry  strain  gage 
shown  in  use  in  testing  reinforcing  bars  in  concrete :  B  is  the  end 
of  the  pivoted  leg,  D  is  the  pivot,  and  C  is  the  end  of  the  multi- 
plying lever,  which  is  shown  in  dotted  outline.  This  is  the  type  of 
instrument  used  in  the  tests  mentioned  in  this  article.  The  length 
DC  is  approximately  equal  to  5  times  the  length  of  BD  so  that 
the  motion  of  the  point  ('  is  about  5  times  the  motion  of  the  point 
B. 

Small  holes  are  bored  in  the  member  whose  stress  is  to  be  mea- 
sured, so  that  the  points  on  the  projecting  legs  may  set  into  them. 
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The  figure  shows  the  points  of  the  strain  gage  set  into  the  holes 
in  a  steel  reinforcing  bar.  The  Ames  dial  is  read  when  the 
points  are  so  set.    The  load  is  applied,  the  points  are  again  set  into 
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the  holes,  and  the  dial  is  again  read.  The  difference  in  these  read- 
ings will  give  the  change  in  the  length  between  holes.  This  dis- 
tance between  holes  is  called  a  gage  length.  If  these  readings 
were  taken  very  closely  together,  the  change  in  length  would  be 
entirely  due  to  the  stress  set  up  in  the  member.  Since  a  consid- 
erable interval  must  elapse  between  these  readings,  a  change  in 
temperature  would  change  the  gage  length.  To  measure  this 
temperature  change,  a  gage  length  of  equal  dimension  is  estab- 
lished on  a  piece  of  steel  which  will  not  be  subjected  to  stress 
and  the  dial  is  read  on  it  when  the  first  and  the  second  series 
of  readings  are  taken,  and  the  temperature  correction  obtained 
therefrom.  Descriptions  and  cuts  of  the  various  types  of  strain 
gages  may  be  found  in  an  article  written  by  Prof.  H.  F.  Moore 
and  \\\  A.  Slater  and  read  before  the  International  Society  for 
Testing  Materials  at  its  last  annual  meeting.  It  may  be  found 
in  the  published  proceedings  of  that  Society. 

The  Berry  strain  gage  has  been  used  with  marked  success  in 
determining  the  stresses  in  the  concrete  and  and  in  the  reinforcing 
steel  of  reinforced  concrete  structures.  Bulletin  #64  of  the  En- 
gineering Experiment  Station  describes  several  successful  tests 
of  this  kind  on  buildings. 

The  successful  use  of  the  strain  gage  on  reinforced  concrete 
buildings  suggested  its  use  for  determining  the  dead  load  stresses 
in  the  steel  arches  of  the  new  University  Armory.  Contrary  to 
previous  custom,  where  a  test  entailed  a  costly  loading  and  un- 
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loading  of  t'he  tested  structure,  i)lans  were  made  to  perform  the 
test  with  Httle  or  no  trouble  to  the  erecting  force,  and  with  no 
preparation  except  the  necessary  preparation  of  the  gage  holes. 


Taking  Readings  on  Erected  Steel  Arches,  University  Armory 

Accordingly,  while  the  material  was  still  on  the  cars  awaiting 
transfer  to  the  Armory  site,  about  loo-io  inch  gage  lines  were 
established  in  4  panels  of  one  of  the  arches  and  several  sets  of 
initial  readings  were  taken,  care  being  exercised  to  take  simul- 
taneous readings  on  a  steel  standard  bar.  After  the  erection  of 
the  steelwork,  other  sets  of  Observations  were  taken  together 
with  simultaneous  readings  of  the  standard  bar.  There  still 
remains  to  be  taken  at  this  writing,  the  observations  for  stress 
with  the  roof  covering  in  place,  and  observations  under  wind  or 
snow  load. 

Several  causes  have  thus  far  rendered  the  tests  only  partially 
successful,  among  them  being  the  indeterminate  effect  of  tem- 
perature stresses,  weather  conditions  during  the  preparation  of  the 
test  holes.  Illinois  mud,  and  particularly,  the  low  stresses  which 
exist  in  the  structure  under  dead  load.  It  is  this  last  feature 
which  will  make  the  wholly  successful  determination  of  the  dead 
load  stresses  in  steel  structures  extremely  difficult,  for  a  possible 
error  of  more  than  (X)0  \h.  per  sq.  in.  in  a  total  stress  of  1500  lb. 
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per  sq.  in.,  say,  is  a  disconcertingly  large  percentage  of  the  whole. 
The  use  of  a  longer  gage  length,  which  reduces  the  error  in  pro- 
portion to  its  increase  over  10  inches  may  be  the  solution  of  this 
problem. 

While  this  experiment  was  under  way,  an  opportunity  arose  to 
use  the  strain  gage  for  testing  the  steel  bridge  by  which  the 
Illinois  Central  Railroad  crosses  the  Kankakee  River  at  Kanka- 
kee, 111.  This  test  differed  from  the  test  on  the  Armory,  first  in 
the  fact  that  the  distance  between  the  extensometer  points  was  60 
inches  instead  of  10  inches,  thereby  reducing  the  probable  error  in 
the  unit  stress  to  about  100  lb.  per  sq.  in.  and  second,  that  a  very 
considerable  load  in  the  form  of  a  Mikado  engine,  two  coal  cars 
and  a  caboose  could  be  quickly  applied  and  removed.  Under 
these  circumstances,  it  was  not  deemed  necessary  to  use  a  stand- 
ard bar  to  correct  for  change  of  temperature,  but  two  sets  of 
readings  were  taken  of  the  unloaded  bridge,  one  immediately  be- 
fore and  another  immediately  after  the  load  was  applied,  and  any 
change  in  these  was  assumed  to  be  due  to  temperature  change. 
This  test  in  which  top  and  bottom  chords,  hangers  and  diagonals 
were  tested,  was  completely  successful;  the  theoretical  and  ac- 
tual stresses  being  found  in  very  close  agreement. 

A  new  and  important  use  for  the  strain  gage  was  brought  out 
this  summer  in  two  tests  on  railroad  structures  in  Chicago.  One 
was  on  a  sw^ing  bridge  of  a  steam  railroad.  It  had  suffered  bent 
eye  bars  and  other  damage  through  a  derailment.  Tests  on  the 
damaged  bars  showed  conclusively  that  the  structure  was  in  no 
danger  even  through  the  application  of  the  heaviest  loads,  to 
which  it  niight  be  subjected.  The  greatest  stress  observed  in 
the  critical  part  of  the  structure  when  the  road's  heaviest  engine 
drawing  a  loaded  train  passed  over  the  bridge  was  less  than 
11,000  lbs.  per  sq.  in.  This  stress  was  verified  by  the  approximate 
agreement  between  the  average  stress  set  up  in  the  similar  mem- 
bers of  the  two  trusses  composing  the  bridge.  The  other  was 
on  a  panel  of  an  elevated  railroad  structure  in  w^hich  a  flat  bar 
was  used  to  take  counter  stresses  in  compression  and  in  which 
other  members  were  supposed  to  be  very  highly  stressed.  Strain 
gage  measurements  under  a  pair  of  motor  cars  again  showed  that 
it  was  designed  for,  and  the  stresses  in  the  other  members  were 
safe  even  under  conditions  of  maximum  load.  Again,  as  before, 
readings  on  similar  bars  on  the  two  trusses  composing  the  bridge 
were  so  nearly  alike  as  to  verify  the  conclusion  as  to  safety. 
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The  tests>made  so  far  show  that  the  strain  gage  is  of  practical 
value  in  determining  the  safety  of  steel  structures.  It  remains 
for  other  tests  to  prove  its  use  as  an  aid  in  the  solution  of  the  theo- 
retical and  practical  problems  which  still  remain  to  the  investiga- 
tor of  stresses  in  steel  structures. 


The  time  is  at  hand,  when  the  engineer  should  be  so  educated  as 
to  appreciate  the  artistic  possibilities  in  his  product,  and  to  exhibit 
aesthetic  sense  in  design.  When  the  great  engineering  feats  of  to- 
day become  the  ordinary  products  of  tomorrow,  the  public  will 
demand  beauty  of  design,  as  well  as  rigidity  and  utility  of  con- 
struction and  installation.  .\nd  when  the  demand  is  made  the 
men  who  have  finished  an  A.  B.  course  in  the  university,  followed 
by  a  full  engineering  course,  will  occupy  first  positions  because 
of  the  important  cultural  training  they  possess. 

Arthur  C.  Scott. 


STANDARDS  OF  STUDY 

A.  E. 

The  university  student  of  this  country  has  often  been  criticized 
for  lack  of  interest  in  the  vital  problems  of  life.  The  accusation 
is  brought  against  him  that  he  does  not  think  seriously  and  that  he 
has  few  well  developed  convictions.  Upon  one  subject  however, 
every  student  has  at  some  time  meditated  and  as  a  result  of  some 
reflection  he  has  arrived  at  a  conclusion.  And  the  peculiarity 
about  the  conclusions  is  that  there  is  almost  complete  unanimity. 
The  problem  is  the  relation  of  high  scholarship  to  ability  as  a 
student, and  the  conclusion  (in  the  phraseology  of  the  Philosophy  i 
student)  that  there  is  no  universal  connection.  The  high  schol- 
arship man  is  not  always  a  capable  student.  Unfortunately  the 
meditator  breaks  ofif  his  philosophical  trend  of  thought  at  this 
point  (possibly  because  the  thought  is  so  soothing).  He  is  not 
Socratic  enough  in  his  speculations  to  ask,  ''Are  all  capable  stu- 
dents who  apply  themselves  high  scholarship  men?"  Neglecting 
a  few  isolated  cases  in  which  there  may  be  enmity  between  teacher 
and  student,  this  question  may  be  answered  in  the  affirmative. 
Capacity,  then,  shows  itself  in  scholarship  unless  through  indiffer- 
ence or  lassitude  the  gifted  man  neglects  his  legitimate  purpose  in 
attending  the  university,  in  which  case  he  would  do  more  good 
for  himself  and  his  alma  mater  if  he  would  forfeit  his  opportuni- 
ties here  to  a  more  seriously  minded  person.  Let  us  apply  the 
gage  of  scholarship  to  ourselves. 

Can  the  faculty  for  study  or  facility  in  the  mental  processes  of 
reasoning  be  cultivated?  Yes,  with  one  proviso — the  faculty  for 
thinking  must  be  present  as  a  germ.  The  need  for  a  native  or 
inborn  endowment  to  think  is  emphasized  by  Doctor  Dewey  of 
Columbia  University,  "A  being  who  could  not  think  without 
training,  could  never  be  trained  to  think ;  one  may  learn  to  think 
well  but  not  to  think."  Assuming  that  this  latent  gift  is  present, 
how  can  it  be  developed? 

An  answer  to  this  demands  an  understanding  of  the  mental 
characteristics  of  the  capable  student.  In  the  pursuit  of  the 
rationalistic  studies  common  in  the  curriculum  of  an  engineering 
college  such  as  physics,  mathematics  and  mechanics,  the  analytical 
and  logical  mind  finds  an  easy  path,  while  the  mind  of  the  mem- 
orizer,*sensitive  only  to  impressions  upon  which  it  does  not  react, 
finds  these  studies  very  difficult.     The  capable  student  is  marked 


26  Tiii:  Technograph 

bv  a  faculty*  for  drawing  inferences  and  arriving  at  conclusions 
through  consecutive  thinking  often  without  such  media  as  the  in- 
terpolations of  a  text-book  or  the  equations  written  by  an  in- 
structor on  the  black  board.  To  the  extent  that  we  reflect  and 
weigh  suggestions  are  we  capable  students. 

How  then,  shall  mental  power  be  obtained?  A  general,  before 
proceeding  to  an  attack,  first  considers  the  gains  resulting  from  a 
possible  victory  and  whether  they  warrant  the  costs.  Having  de- 
cided upon  this,  he  studies  the  topography  of  the  country  to  deter- 
mine the  best  point  of  attack  and  the  most  feasible  road  to  a  de- 
sired vantage  point.  So  in  studying,  there  are  profit  and  loss, 
angles  of  approach  and  difficult  passageways.  The  soldier  follows 
the  flag  which  is  directed  by  the  general,  the  student  must  be 
guided  by  his  rules  or  standards.  The  former  may  win  political 
power,  the  latter  power  of  intellect. 

Before  starting  to  put  into  efifect  the  annual  resolution,  "I  am 
going  to  study  this  year"  let  us  examine  the  costs  of  the  kind  of 
study  under  consideration.  Reflective  thinking  involves  exhaust- 
ive application  and  a  mental  discomfiture  that  soon  drives  many 
away  from  their  resolutions.  Unless  we  coordinate  a  determina- 
tion to  suffer  the  costs  involved  we  shall  not  "live  up  to"  our 
resolutions.  In  this  connection  might  be  mentioned  a  habit  that 
is  quite  as  deleterious  to  successful  study  as  a  refusal  to  undergo 
the  trials  of  mental  labor,  namely  the  disposition  to  seek  the 
most  comfortable  position  while  studying,  such  as  that  of  resting 
the  head  on  the  palm  of  the  hand  with  the  elbow  on  the  table, 
sliding  down  into  the  seat  with  the  feet  stretched  out  in  front, 
and  an  inclination  to  pick  out  the  rocking  chair  or  to  recline  in 
a  Morris  chair.     The  thinker  must  be  more  or  less  of  a  stoic. 

This  step  made,  the  attitude  of  mind  best  suited  to  the  attain- 
ment of  the  powers  we  desire  must  be  decided  upon.  Shall  it  be 
a  disposition  to  accept  or  reject,  passively  to  absorb  as  true  what  is 
heard  or  read,  or  to  doubt?  "The  writer  is  an  authority,  must  I 
believe  him?"  To  doubt  an  assertion  made  by  an  authority  may 
sound  impertinent,  but  how  can  it  be  true  for  us  unless  wc  can 
verify  it?  In  the  abstract,  the  statement  may  stand  for  an  actual 
or  real  relation,  but  /  cannot  be  certain  of  its  validity  unless  I  can 
show  it  to  bear  a  definite  relation  to  facts  already  a  part  of  my 
mental  structure  with  which  I  find  it  to  harmonize,  or  until 
through  a  process  of  analysis  I  can  show  it  to  be  the  'logical 
results  of  what  I  know  to  be  true.     What  right  have  I  to  accept 
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a  statement  as  true  if  I  cannot  fix  it?  Unless  a  new  relation  can 
be  associated  with  past  experience  it  is  meaningless.  This  ap- 
plies, of  course,  only  to  the  exact  sciences,  and  not  to  such 
subjects  as  history,  grammar,  or  a  language,  the  purely  descriptive 
or  informational  studies  in  which  the  aim  is  centered  on  a  thor- 
ough acquaintance  of  the  facts  as  presented  by  a  particular, 
author.  Mechanics,  on  the  other  hand,  although  founded  upon 
three  simple  laws,  is  a  very  complex  science  in  which  each  new 
theorem  is  built  upon  previous  theorems  and  is  a  logical  result 
of  these,  the  whole  forming  an  intricate  but  closely  connected 
structure.  Unless  the  critical,  cautious,  and  doubting  attitude 
controls  the  mind  we  are  apt  to  drift  along  at  an  easy  indifferent 
pace  continually  accepting  but  never  understanding. 

Closely  related  to  the  will  to  believe  is  the  unwillingness  of 
many  men  to  exert  themselves  to  an  investigation.  This  mental 
servility  is  illustrated  nowhere  better  than  in  the  common  habit 
of  memorizing  formulas  instead  of  trjdng,  first  to  get  a  clear  con- 
ception of  the  relation  between  the  constituent  members  of  the 
formula,  and  then  of  tracing  a  path  from  the  more  fundamental 
relations  previously  established  to  the  special  case  under  consider- 
ation. The  best  students  make  it  a  special  point  never  to  remem- 
ber the  statement  of  a  theorem  as  a  formula  unless  they  are  posi- 
tive of  being  able  to  develop  it.  The  tendency  to  seek  the  easiest 
path  is  also  shown  in  the  familiar  classroom  answer,  "The  book 
says  so."  Let  us  note  this  and  similar  expressions,  for  they 
reveal  a  very  weak  mental  constitution.  Unless  the  "why"  can  be 
brought  forth  we  shall  always  be  at  loss  when  questioned,  and 
can  never  be  certain  of  our  footing. 

If  a  proof  be  demanded  for  every  new  theorem  how  shall  we 
conduct  the  inquiry  ?  The  answer  to  this  question  is  quite  beyond 
the  scope  of  this  article.  The  chapter  on  Reasoning  in  the  second 
volume  of  William  James's  Psychology  may  be  studied  for  this 
purpose.  For  a  comprehensive  analysis  John  Dewey's  "How  We 
Think"  may  be  referred  to.  A  few  general  remarks  may,  how- 
ever, not  be  amiss  here.  Of  primary  importance  to  the  reflective 
mind  is  wealth  of  past  experience  to  furnish  suggestions  to 
clarify  new  and  perplexing  situations.  The  experience  may  be 
in  the  form  of  facts  carefully  distinguished  as  the  propositions 
in  geometry  or  the  fundamental  laws  in  physics.  The  necessity 
for  a  thorough  mastery  of  the  basic  mathematics  cannot  be  em- 
phasized too  strongly.  Reviewing  is  valuable  mental  exercise 
since  it  not  only  fixes  the  many  theorems  and  corollaries  more 
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thoroughly  in  the  mind  but  it  also  outlines  and  differentiates  each 
one  from  every  other  one  and  so  makes  them  stand  out  in  plainer 
view  when  they  may  be  needed  to  support  or  to  lead  to  a  new  pro- 
position. A  little  time  spent  in  reviewing  a  subject  long  after  it  has 
been  covered  in  school  is  time  well  spent  since  such  study  often 
reveals  contrasts  and  similarities  not  at  all  evident  when  the 
subject  was  formally  studied.  Another  significant  factor  in  the 
function  of  proof  is  a  proper  regulation  of  the  conditions  under 
which  thinking  occurs.  In  choosing  from  a  multitude  of  sugges- 
tions that  may  spring  up  in  explanation  of  a  difficulty  it  is  neces- 
sary that  we  continually  guard  against  allowing  facts  that  corrob- 
orate a  previous  or  favorable  belief  to  supplant  those  that  properly 
belong  in  the  case  under  consideration.  A  habit  of  discriminating 
between  the  more  and  the  less  important  should  be  cultivated. 
The  practice  of  underlining  important  passages  or  words  is 
valuable  for  this  purpose. 

Let  us  be  self-reliant  in  study.  Let  us  resolve  not  to  disturb  our 
room-mate,  or  the  senior  in  the  house,  or  the  instructor  in  his 
office.  This  is  another  mark  of  a  disposition  to  shirk  the  mental 
labors  of  inquiry.  Locke  in  his  Essay  Concerning  Human  Under- 
standing long  ago  noted  that  this  dependence  upon  authority  kept 
more  people  in  ignorance  or  error  than  all  the  other  causes  of 
bad  thinking  together.  Professors  can  often  save  us  much 
troublesome  thinking  by  suggesting  a  single  word,  but  we  can  not 
be  better  situated  for  the  assistance  given,  as  our  faculty  for 
thinking  is  not  strengthened  by  being  relieved  from  the  trouble  of 
an  investigation.  Self-suppression  and  self-distrust  have  never 
brought  f(jrth  men  of  firm  character  and  mental  vigor.  Passive 
absorption  without  reaction  and  •objection  are  great  drawbacks  to 
mental  progress.  Likewise  an  unwillingness  to  plow  down  into 
the  depths  of  the  hard  soil  of  the  mathematics  and  sciences  can 
never  gain  for  us  wealth  of  knowledge  and  power. 

To  summarize:  Indifference,  carelessness,  listlessness,  mental 
lassitude,  and  a  disposition  to  absorb  without  question  or  hesita- 
tion mark  the  intellectually  indolent  and  incapable  student.  A  ten- 
tative attitude  toward  all  knowledge,  remembering  that  perfect 
reliability  is  attached  to  very  little  knowledge,  "that  highest  wis- 
dom represents  nnly  a  rough  approximation  to  the  truth"'  is  the 
soundest  and  safest  atliludc.  A  tendency  to  doubt  and  examine 
even  the  statements  ma<le  by  sujJeriors  in  knowledge,  at  the 
same  time  keeping  the  mind  ever  open  to  suggestions,  is  a  guaran- 
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tee  that  thinking  will  not  go  astray.  This  with  deHberation  in 
decision  and  constancy  in  conviction  are  indications  of  healthy 
mental  processes.  And  finally  let  us  bear  in  mind  that  self-con- 
fidence and  self-control  with  a  determination  to  bear  the  costs 
of  application  are  characteristics  of  the  ideal  man  who,  in  the 
words  of  F.  M.  McMurry,  is  "neither  afraid,  ashamed  nor 
servile,  but  dares  realize  himself  rather  than  imitate  others,  who 
in  short  lives  naturally  and  honestly." 


The  foundation  of  healthy  life  in  the  state  is  necessarily  com- 
posed of  the  men  who  do  the  actual  productive  work  of  the 
country.  Among  these  producers  the  engineer  is  preeminent. 
Without  him  in  the  complex  commercial  life  at  present,  capital 
would  lie  idle,  colossal  manufactures  would  shrink  to  individual 
industries,  the  development  of  resources  would  cease,  the  earth 
would  no  longer  contribute  as  now  to  the  wealth  of  nations,  and 
society  might  eventually  relapse  into  the  relation  of  the  feudal 
baron  and  his  retainers  of  the  middle  ages. 

Henry  S.  Carhart. 


HOW  WE  STUDY 

The  following  series  of  short  articles  represents  an  attempt  to 
discover  the  best  methods  of  study.  The  articles  come  from 
some  of  the  most  successful  students  in  the  Engineering  College, 
most  of  whom  find  their  names  in  the  list  of  the  20  highest 
scholarship  men  in  the  University. — Editor. 

A  SUGGESTION  FOR  STUDY 

Nearly  every  man  who  comes  to  college  has  the  idea  that  to 
study  means  to  ponder  long  and  diligently  over  the  pages  of  some 
text-book.  It  is  fortunate  that  we  have  these  books,  for  they  are 
written  by  men  who  are  well  versed  in  the  subject  with  which 
they  deal,  but  are  they  meant  to  be,  or  can  they  be  more  than 
mere  outlines,  a  series  of  statements  of  the  fundamental  princi- 
ples of  the  science  with  l)ut  comparatively  little  elaboration?  If 
the  text-book  is  no  more  than  this,  and.  I  believe  you  will  tind 
that  it  is  not.  then  you  must  do  a  large  amount  of  independent 
thinking.     Such  thinking  constitutes  real  study. 

If  you  are  taking  Trigonometry,  try  this  experiment.  Learn 
the  definitions  of  the  functions  of  an  angle;  then  lay  aside  the 
book  and  see  what  you  can  do  with,  them.  With  the  aid  of  a  few 
old  i)rinciples  of  Geometry,  you  will  soon  be  able  to  develop  re- 
lations between  the  functions  and  to  solve  right  triangles.  Every 
method  and  every  proof  that  you  will  have  used  will  be.  in  a 
sense,  your  own  invention,  and  it  will  not.  therefore,  be  readily 
forgotten.  It  may  be  necessary  to  refer  to  your  lxx)k  occasionally. 
but  as  you  progress  the  text-book  will  become  merely  a  reference 
volume,  a  source  of  suggestions  for  further  research. 

This  method  may  not  be  applicable  to  every  study  which  you 
pursue.  It  may  be  necessary  to  revise  it.  improve  it.  or  even 
reject  it  entirely,  but  at  least  give  it  a  trial.  There  is  very  little 
to  be  lost  by  such  an  experiment  and  always  something  to  be 
gained,  for  even  though  the  use  of  such  a  method  may  not  be  of 
immediate  assistance,  it  will  eventually  give  you  self-confidence 
and  the  ability  to  reason  clearly,  logically,  and,  above  all.  inde- 
pendently. R.  \Y.  OwKNS.  '14. 


EFFICIENCY  THROUGH  TIMING  AND  METHOD 
.\n  engineering  student  must  study  with  some  efficiency;  his 
time  is  well  taken  up,  and  the  only  alternative  is  failure.     So  it  is 
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a  problem,  to  new  students  in  particular,  to  secure  this  efficiency. 
The  writer  feels  that  much  of  his  time  is  still  wasted,  but  his 
efforts  to  secure  effective  study  have  resulted  in  a  few  methods 
that  may  be  of  interest  to  other  engineering  students. 

The  primary  effort  has  been  always  toward  securing  concen- 
tration. It  is  believed  the  greatest  thief  of  study  time  is  wander- 
ing of  the  mind  from  the  subject  at  hand.  The  writer  has  found 
that  the  most  potent  way  to  keep  the  mind  "within  bounds"  is 
to  set  a  reasonable  time  limit  upon  each  study  task  at  its  begin- 
ning, and  to  keep  somewhat  in  mind  throughout  the  preparation 
an  imaginary  appointment,  say,  at  the  end  of  the  allotted  interval 
and  previous  to  which  the  subject  must  be  prepared.  Everyone 
knows  that  cases  where  such  appointments  are  real  instead  of  im- 
aginary often  bring  out  one's  greatest  concentrative  powers. 

Besides  efforts  toward  concentration,  the  writer  practices  a  few 
special  methods  in  attacking  certain  particular  subjects.  In 
studying  mathematics  and  mechanics,  for  example,  the  stress  is 
always  laid  upon  grasping  methods  of  procedure,  not  upon  learn- 
ing theorems  word  for  word,  nor  upon  solving  large  numbers  of 
problems  by  means  of  a  formula  whose  derivation  is  hazy.  In 
later  days  theorems  and  formulas  may  be  forgotten,  but  if  the 
fundamental  methods-  have  been  mastered,  the  whole  science  can 
be  built  up,  if  need  be,  out  of  hand.  It  may  be  added  that  the 
writer  has  found  when  an  assignment  contains  both  theory  and 
problems  to  be  worked  but  not  handed  in  that  preparation  of 
the  complete  assignment  leaves  nothing  to  be  learned,  or  to  hold 
one's  interest,  in  the  recitation.  Wherefore  the  theory  is  studied 
well,  but  time  is  spent  on  two  or  three  problems  only ;  the  ap- 
plication of  the*  theory  is  readily  mastered  by  paying  close  at- 
tention to  board  work  in  class  and  the  time  spent  in  recitation  is 
thus  deducted  from  that  required  for  preparation. 

C.  W.  Lincoln,  M.  E.,  '15. 


ON  THE  BEST  TIME  AND  PLACE  FOR  STUDY 

After  making  a  careful  analysis  of  the  methods  of  study  which 
I  use,  it  is  impossible  to  incorporate  them  into  what  might  be 
termed  a  system.  I  have  attempted  a  few  times  to  follow  care- 
fully drawn  up  schedules  such  as  freshmen  are  advised  to  follow. 
From  my  experience  I  have  come  to  think  that  all  such  schedules 
must  fail,  for  they  do  not  yield  themselves  to  the  ever  changing 
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dispositions' of  the  student.  There  are  a  few  rules  that  I  try  to 
follow.  They  are  not  part  of  any  schedule  or  system  designed  to 
insure  the  preparation  of  studies  or  to  secure  a  proper  balance 
between  recreation  and  study,  although  both  these  objects  are 
attained  through  their  observance.  They  are  the  outgrowth  of 
my  endeavors  to  secure  the  greatest  value  for  tlie  time  spent  in 
study.  These  rules  may  be  summed  up  in  saying  that  the  most 
successful  study  is  largely  a  matter  of  choosing  a  proper  time 
and  a  proper  place  for  the  preparation  of  each  subject.  I  have 
found  that  to  study  a  subject  in  the  same  room  in  which  the 
recitations  are  held  helps  to  impress  details  of  the  lesson  more 
firmly  ui)on  the  mind.  \Mien  I  leave  the  room.  I  can  dismiss  all 
thoughts  of  that  subject  and  still  feel  assured  that  when  I  return 
to  that  room  I  shall  be  able  to  recall  those  details  distinctly.  On 
the  other  hand,  if  I  attempt  to  study  three  or  four  subjects  in  a 
single  evening  at  home,  in  other  words  to  "cram,"  I  come  to  class 
with  a  mind  confused  with  a  jumble  of  principles,  laws,  and 
equations  which  I  am  unable  to  separate  and  identify.  This  plan 
gives  me  the  added  advantage  that  I  am  able  thereby  to  make 
profitable  use  of  time  that  would  otherwise  be  spent  in  going 
from  and  to  classes. 

For  these  reasons  I  do  most  of  my  studying  in  the  vacant 
hours  of  the  mornings  and  afternoons  and  in  the  earlier  hours 
of  the  nights.  The  later  hours  of  the  nights  are  reserved  for 
written  work.  I  find  that  the  little  manual  labor  which  writing 
and  drawing  involve  is  an  excellent  preventive  of  drowsiness  and. 
for  this  reason,  enables  me  to  make  the  most  effective  use  of  those 
hours.  I  rarely  permit  my  studies  to  keep  me  up  later  than  my 
usual  time  for  retiring.  If  a  study  has  been  .neglected  rather 
than  stay  up  until  midnight  to  finish  the  preparation  of  the  assign- 
ments for  the  (lay,  1  prefer  to  retire  at  an  hour  that  assures  me 
sufticient  rest  to  be  fit  the  next  day  to  supplement  with  the  class 
room  work  the  little  study  that  1  did  accomplish.  It  has  been 
my  sad  experience  that  whenever  I  kept  very  late  hours  for  the 
sake  of  my  studies,  the  next  day  found  me  feeling  drowsy,  unfit, 
and  exceedingly  prone  to  make  those  small  but  disastrous  mis- 
takes which  make  a  fellow  (loul)t  that  lie  was  awake  when  he 
made  them,  and  which,  in  {hv  en<l.  really  determine  one's  class 
standing. 

Max  ll()i.Mi!iK(.KR.  'is. 
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STUDYING  MATHEMATICS 

Whenever  I  tackle  a  lesson  in  "math"  there  are  three  points 
which  I  always  try  to  keep  in  mind.  In  the  first  place,  I  always 
see  to  it  that  I  understand  the  preceding  lessons;  in  the  second 
place,  I  try  to  become  as  interested  in  what  I  am  studying;  and 
lastly,  I  attack  the  lesson  with  a  spirit  of  competition.  In  mathe- 
matics, one  lesson  depends  to  a  great  extent  upon  the  preceding 
ones ;  without  having  understood  the  previous  lessons  one  can 
hardly  hope  to  understand  the  one  in  hand.  Therefore,  I  always 
understand  (or  think  I  do)  the  lessons  leading  up  to  the  present 
one.  In  the  second  place,  I  can  study  much  more  efficiently  when 
I  have  an  interesting  subject.  This  being  the  case,  I  become  as 
absorbed  as  possible  in  the  lesson.  Whenever  a  problem  is  worked 
out  in  the  text,  for  the  student's  benefit,  I  am  interested  in  noting 
exactly  how  and  why  it  was  done  in  the  manner  shown.  How- 
ever, my  interest  is  mostly  kept  up  by  the  spirit  of  competition 
with  which  I  attack  the  lesson.  I  tell  myself  that  either  I  am 
to  master  the  problems  or  they  are  to  master  me.  Many  times, 
when  the  text  has  worked  out  a  problem  for  us,  I  try  to  solve  it 
before  finding  out  how  it  has  been  solved  in  the  book.  I  try  to 
get  ahead  of  the  text  every  way  possible ;  and  whenever  I  find  a 
mistake  in  the  printing  or  a  wrong  answer  I  take  it  as  a  personal 
victory  over  the  old  enemy.  I  never  cease  working  on  a  problem 
until  I  have  solved  it  to  my  satisfaction.  A  short  time  ago  we  had 
a  problem  in  calculus  which  I  thought  had  me  "stumped."  I  had 
tried  it  from  every  possible  angle  of  attack  but  could  not  get  the 
desired  answer.  I  had  almost  given  the  problem  up  in  despair 
when  I  happened  to  think  that  I  would  then  be  conquered  by  the 
problem  instead  of  conquering  it.  Then  and  there  I  determined 
that  I  should  win  even  if  I  had  to  sit  up  all  night  to  do  so.  With 
this  determination  I  again  began  the  problem  and  it  was  not  five 
minutes  later  before  I  had  solved  it  to  my  complete  satisfaction. 
With  the  few  things  mentioned  above  kept  in  mind,  I  find  very 
little   difficulty   in   learning  the   average   lesson    in   mathematics. 

Maurice  C.  Johnson,  '16. 


ON  A  QUIET  ROOM  AND  CULTIVATING  CONCENTRATION 

To  study  properly,  a  quiet  room  is  a  prime  requisite.  When 
I  first  came  to  this  University,  I  was  with  a  farmer's  son 
whom   I    believed    to    be   a   studious    boy    and    one    who    would 
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start  me  oitt  correctly.  But  when  we  started  to  look  for  a  room, 
he  remarked  that  he  wanted  to  go  where  there  was  a  "jolly 
bunch."  Well,  this  "jolly  bunch"  idea  did  not  appeal  to  me,  so 
when  I  struck  a  house  with  a  good  scholastic  record,  this  man 
and  I  parted  company.  The  result  was  that  he  formed  a  "jolly 
bunch"  and  his  grades  were  always  hanging  by  the  margin.  Did 
you  pick  a  "jolly  bunch"? 

Sometimes  you  may  be  in  a  quiet  house  with  a  group  of  studi- 
ous boys,  but  even  here  you  will  often  deceive  yourself.  Your 
roommate  may  liave  a  loquacious  disposition.  The  two  of  you 
may  start  an  evening's  study,  but  how  often  does  the  roommate 
interrupt  you  with  some  question  far  from  the  subject  you  are 
studying?  Or  how  often  do  you  likewise  interrupt  him?  The  best 
thing  for  you  to  do  is  to  stop  it  yourself  and  see  that  he  does  too. 

Most  important  of  all.  however,  is  mental  concentration.  This 
is  a  faculty  that  is  rarely  developed  by  many,  but  which  can  be 
cultivated  by  all  with  a  little  effort.  When  you  sit  down  to  study 
algebra,  forget  the  language ;  when  you  study  chemistry,  forget 
calculus.  But  keep  your  mind  on  what  you  are  studying.  Mental 
concentration  may  be  practiced  when  you  are  trying  to  listen  to 
dry  or  uninteresting  lectures,  or  perhaps  a  more  beneficial  method 
is  to  stick  to  some  problem  you  are  caught  on,  and  thing  of  nothing 
else  till  you  get  it.  In  this  way  a  faculty  may  be  developed  which 
;nay  be  a  benefit  throughout  your  life. 

E.    A.    WiLLIFORD.   'i^. 


KEEPING  NOTES 
In  this  allotted  space,  1  shall  endeavor  to  indicate  the  one  thing 
which,  I  think,  has  been  most  helpful  to  me  as  a  student.  This  is 
systematic  note  keeping.  By  note  keeping,  I  do  not  refer  so  much 
to  notes  kept  in  the  classroom  as  to  notes  kept  at  home  during 
study  hours.  With  the  full  schedule  of  the  engineering  student, 
it  is  often  impossible,  on  account  of  a  lack  of  time,  to  read  an 
assigned  lesson  more  than  once,  yet  there  are  a  few  essential 
points  which  can  not  be  fully  comprehended  and  fixed  in  mind  by 
one  reading.  Now  during  tlie  first  reading,  it  requires  but  a  few- 
minutes  more  time  to  jot  down  in  a  note  book  all  of  the  imjwrtant 
facts  and  principles  in  the  lesson.  In  this  way  a  dozen  pages  of 
the  text  can  be  condensed  into  a  single  page  of  notes,  and  a 
page  of  notes  can  be  reviewed  almost  as  quickly  as  one  of  the  te.xt. 
P.y  keei)ing  such  a  system  of  notes  each  dav.  I  have,  finallv.  a 
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complete  skeleton  outline  of  all  the  work  covered  in  the  course. 
Then  with  the  aid  of  this  outline,  it  is  convenient  and  very  bene- 
ficial to  make  a  hasty  survey  of  the  work  at  the  end  of  each  week. 
I  have  found  by  following  this  method  of  study  that  the  awful 
task  of  "boning  for  exams"  is,  to  a  great  extent,  eliminated. 

I.  R.  Cline,  C.  E.,  '15. 


STUDYING  CALCULUS 

Let  us  assume  that  the  instructor  has  told  us  about  the  purpose 
of  the  course  and  that  we  are  to  study  certain  kinds  of  limits, 

limits  of  indeterminate  forms,  such  as — ,  etc.,  then  derivatives, 

o 

and  by  means  of  them  to  solve  problems  of  rates  of  change,  etc. 

We  start  out  with  limits  and  review  what  we  have  had  in  Algebra. 

Then  we  come  to  derivatives  proper.     We  find  that,  analytically, 

they  are  limits  of  the  form 

i  where    f  (x)    is    continuous  ] 

Lim   — ^^ — — — — (  and  single  valued  within  the  v  . 

A  X  =  o  '  (  range   considered.  \ 

Now,  we  ask  ourselves,  what  is  a  derivative  ? 

We  give  a  geometric  interpretation  of  the  function  f  (x)  and 
its  derivative  and  find  that  the  derivative  is  the  slope  of  the  tan- 
gent to  the  curve.  Now  we  see  what  derivatives  are  and  come  to 
the  problems  of  derivatives  of  functions.  Well,  first  we  come  to 
the  problem  derivative  of  a  sum  and  here  I  close  my  book  and 
try  by  any  method  I  know  to  solve  the  problem  and  find  that  the 
derivative  of  a  sum  equals  the  sum  of  the  derivatives.  This 
method  works  nicely  until  I  come  to  the  logarithms.  Now  I  find 
that  I  have  to  take  the  derivative  of  logx.  Well  I  close  my  book 
and  try  this  and  that,  and  can  not  solve  the  problem.  Now  see 
what  this  does  for  me.  I  tried  the  problem  and  could  not  do  it. 
The  author  tried  it  and  did  it.  I  see  that  I  .have  something  to 
discover  in  the  author's  proof  and  when  I  open  the  book  I  am 
sure  to  get  everything  he  says.  I  see  the  necessity  for  the 
introduction  of  the  limit : 

L      I  I   +  ^  l    =  e,  etc. 

X  =  00    ^  '      ' 

Now,  by  attempting  to  work  the  problem  myself  I  find  out  what 
I  have  to  do  and  try  to  do  it.     Not  being  successful,  I  open  the 
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book  and  ^et  some  suggestions  from  the  instructor  and  close  the 
book  and  try  to  solve  the  problem  and  when  I  do  get  it,  I  know  it. 
I  know  why  I  do  this  and  that.  I  do  not  need  to  say  that  the 
author  says  so,  and  that's  why.  I  do  not  take  his  word  for  it.  I 
want  to  see  for  myself.  I  work  out  everything  that  he  says  "comes 
out  so  if  worked  out."  If  I  do  not  follow  the  instructor  or  author 
easily,  I  review  the  book  again  until  I  do,  and  I  cannot  see  how 
any  trouble  can  ensue. 

A  few  sayings  that  help  in  studying. 

■'See  what  you  have  to  do  and  go  right  ahead  and  do  it." 
"Never  say  a  course  is  difficult.    Say  it  is  easy.    Half  the  battle 
is  won  by  confidence  in  one's  self." 

E.  R.  Hatovvski  '14. 


STUDYING  DESCRIPTIVE  GEOMETRY 

I  have  found  that  the  greatest  difficulty,  encountered  by  the 
student  in  Descriptive  Geometry,  is  his  inability  to  form  an  ac- 
curate picture  in  his  mind  of  the  construction  of  the  problem.  In 
the  text  book,  it  is  necessary  to  represent  a  plane  by  showing  the 
lines  of  its  intersection  with  the  reference  planes,  and  lines  and 
points  by  their  projections  upon  these  reference  planes.  Before 
you  can  master  Descriptive  Geometry  you  must  be  able,  from 
these  lines  and  traces  to  form  an  accurate  picture  in  your  mind  of 
these  lines  and  planes  as  they  stand  in  space. 

A  method  which  I  found  very  useful  was  this :  I  first  con- 
structed, from  heavy  cardboard,  a  set  of  reference  planes.  At 
spare  moments  I  "played"  with  this  model — holding  a  pencil  in 
different  positions  in  the  various  quadrants,  and  drawing  its  pro- 
jections on  the  H  and  V  planes — then  flattening  the  planes  to- 
gether to  see  how  these  projections  would  appear  if  printed  on  a 
page  of  the  text  book. 

Advancing  into  planes,  I  used  auxiliary  pieces  of  cardboard, 
held  at  various  incJlinations  in  the  different  quadrants — drawing 
their  traces  on  the  references  planes. 

With  a  little  practice  of  this  sort,  it  will  not  be  long  until, 
when  you  look  at  a  figure  in  the  text,  you  will  see  a  line  standing 
out  in  space  in  the  third  quadrant,  or  a  plane  perpendicular  to  the 
II  and  inclined  to  the  V  plane,  instead  of  seeing  merely  the  pro- 
jections of  such  a  line,  or  the  traces  of  such  a  plane.  When  you 
are  able  to  do  this,  you  have  conquered  one  of  the  greatest  diffi- 
culties of  Descriptive  Geometry. 
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One  other  thing:  The  analyses  in  the  text  book  embody  the 
fundamental  principles  of  Descriptive  Geometry.  Learn  them. 
Become  familiar  with  them,  and  with  their  application.  Then, 
when  you  meet  a  problem  in  the  drafting  room,  you  may  take  one 
after  another  of  these  analyses  from  your  stock,  fit  them  together 
step  by  step,  as  you  would  the  pieces  of  a  puzzle  picture,  building 
them  into  a  complete  solution. 

Practice  originality.  Many  of  the  problems  have  no  "cut  and 
dried"  method  of  solution.  Go  back  to  your  stock  of  analyses,  and 
see  in  how  many  different  ways  you  can  fit  them  together  to  ob- 
tain the  solution.  When  you  do  this.  Descriptive  Geometry  be- 
comes an  interesting  and  delightful  study. 

J.  C.  Palmer  '14. 


ON  SLEEP  AND  WORRYING 

There  are  a  few  principles  that  I  have  always  tried  to  follow  in 
studying.  Perhaps  the  foremost  of  these  is  the  one  dealing  with 
the  regularity  of  sleep.  I  have  always  found,  and  it  is  a  well 
known  fact,  that  one  can  do  much  better  work  in  his  classes  if 
he  has  had  the  necessary  amount  of  sleep  the  night  previous. 
Some  people  argue  that  a  fellow  should  be  absolutely  prepared  be- 
fore he  goes  to  his  classes  regardless  of  the  amount  of  time  it 
may  take  for  such  preparation.  It  is  my  idea,  though,  that  a 
fellow  is  better  off  if  he  cuts  down  the  time  he  puts  on  his  studies 
and  gets  a  sufficient  amount  of  sleep.  How  much  sleep  is  a  ques- 
tion for  each  one  to  decide  for  himself.  The  division  of  a  fellow's 
time  between  pleasure,  work,  and  sleep  is  a  differential  equation 
which  has  to  be  set  up  separately  for  each  individual. 

What  a  fellow  gets  out  of  a  book  usually  needs  some  explana- 
tion. It  is  in  the  class  rooms  that  this  explanation  is  given.  And 
a  fellow  with  a  drowsy  mind  is  not  the  fellow  to  comprehend  these 
interpretations. 

Another  principle  of  mine  is  to  give  the  brain  a  change  of 
thought,  to  give  it  more  than  one  thing  to  think  about.  To  let 
it  continue  along  the  same  channel  is  to  wear  it  out.  For  such  a 
change  I  would  advocate  an  interest  in  some  university  activity, 
or  activities,  which  is  better.  There  are  numerous  ways  in  which 
a  fellow  may  engage  himself,  which  space  will  not  permit  me  to 
mention. 

Such  practises  as  writing  down  an  equation  to  see  how  it  looks 
in  one's  own  hand  writing  and  a  card-index  system  of  notes  are 
very  helpful  to  the  memory. 
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Taking  an  optimistic  view  of  the  whole  situation,  I  think  that  a 
good  principle  is  to  change  the  common  expression  "I  should 
worr}'"  to  "Why  worry?"  Worrying  will  not  get  a  fellow  any 
place  hut  the  hospital.  Vou  can  not  change  any  state  of  alTairs 
hy  worrying.  It  will  place  a  load  upon  the  mind  that  will  hinder 
you  from  clear  thinking.  Spend  what  time  you  do  in  worrying, 
in  study  and  \iiu  will  find  the  powers  of  ohtaining  knowledge 
far  easier.  Bakkett  Rogers,  C.  E.  '15. 


AIDS  TO  STUDYING 

It  is  a  regrettable  fact  that  many  men  come  to  college  with 
little  or  no  idea  of  the  right  way  to  study,  and  as  a  consequence 
they  find  this  first  year  here  much  more  difficult  than  it  should  he. 
Much  of  the  advice  given  on  this  subject  is  of  such  a  general  na- 
ture and  so  full  of  bombastic  and  vague  phrases  that  they  are  of 
small  practical  value.  It  is  my  object,  however,  to  give  the 
reader  something  more  definite  in  the  way  of  advice,  and  to  this 
end  I  will  describe  some  of  the  devices  which  I  have  found  of 
considerable  assistance  in  studying. 

The  first  of  these  devices  is  the  emphasizing  of  important  words 
and  passages  in  the  text  by  underlining  them.  In  this  way  the 
vital  parts  of  an  assignment  may  be  strongly  emphasized  at  the 
time  they  are  gone  over,  and  a  clear  conception  of  them  impressed 
on  the  memory.  It  will  be  found  a  great  deal  easier  to  remember 
the  comparatively  few  underlined  parts  than  to  attempt  to  retain 
an  accurate  mental  picture  of  the  whole  text.  This  will  also  be 
of  great  value  in  reviewing  for  quizzes  and  examinations,  because 
the  fundamental  principles  and  important  points  may  be  gleaned 
in  a  short  time  by  reading  carefully  these  passages. 

Another  thing  I  have  found  of  real  help  in  the  study  of  such 
subjects  as  mathematics,  mechanics,  etc.,  is  the  working  of  prob- 
lems. Often  where  the  text  has  been  hazy  and  hard  to  grasp, 
working  a  few  problems  has  been  found  to  clear  up  the  doubtful 
parts  wonderfully.  It  is  always  advisable  to  work  as  many  of  the 
problems  connected  with  the  work  as  possible,  even  if  the  text  is 
clear,  because  it  tends  to  fix  more  firmly  in  the  mind  the  principles 
involved,  and  the  applications  of  those  principles.  It  is  not  usual- 
ly essential  to  work  all  the  problems  given  in  the  text,  but  only 
enough  to  give  one  a  thorough  understanding  of  the  theories  and 
their  applications.  In  fact,  it  is  just  as  essential  to  get  a  firm  grasp 
on  the  practical  applications  as  it  is  to  learn  the  theories. 
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In  an  article  of  this  brevity,  the  subject  can  not  be  covered 
thoroughly,  nor  gone  into  deeply.  But  it  is  hoped  that  these  few 
suggestions,  while  brief,  may  be  of  some  benefit  to  those  who 
have  experienced  difficulty  in  studying. 

H.  R.  Tear,  '14. 


STUDYING  T  &  A.  M.  7 

The  most  useful  thing  I  found  in  solving  problems  in  T.  and 
A.  M.  7  was  the  free  body  diagram.  This  done,  the  most  difficult 
truss  and  crane  problems  encountered  soon  dwindle  down  to  a 
point  where  it  is  only  a  matter  of  adding  up  the  forces  before 
the  answer  stares  you  in  the  face.  I  attempted  never  to  let  the 
problems  pile  up  and  then  to  get  them  all  done  in  one  day,  but  I 
always  did  each  problem  as  it  was  assigned.  I  also  found  that  in  a 
two  hour  "ofif"  period  in  the  morning  I  could  well  afford  to  spend 
fifteen  or  twenty  minutes  clearing  up  some  of  the  hazy  points  left 
from  the  night  before.  With  a  fair  knowledge  of  first  semester 
Physics,  no  engineer  should  have  much  trouble  with  T.  and 
A.  M.  7. 

H.  E.  Austin,  '15. 


Science  and  engineering  cannot  be  picked  up  from  popular 
expressions  on  the  rambling  thin  attractive  description  of  novel- 
ties, but  only  from  the  study  of  the  fundamental  principles.  There- 
fore read  books.  Study  principles,  not  novelties.  Think  theory 
and  work  practice.  Turn  to  real  sources  not  to  the  tricks  of 
words  and  platitudes  which  so  often  catch  one's  fancy  and  in  a 
superficial  way  lead  one  to  notions  rather  than  to  logic. 

Walter  C.  Kerr. 
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EDITORIAL 

STUDIOUS  ACTIVITIES  VERSUS  STUDENT  ACTIVITIES 

Upperclassnicn  commonly  experience  an  unexplainable  fall  of 
scholastic  standing  from  that  maintained  during  the  first  two 
years  at  the  university.  The  cause  for  this  cannot  be  found  in 
more  ditficult  subjects  nor  in  more  hours  on  the  study  programme, 
since  few  students  carry  as  heavy  a  schedule  during  their  junior 
and  senior  years  as  they  do  in  the  first  two  years.  It  must  be 
looked  for  outside  of  the  curriculum.  A  clue  is  found  in  the 
daily  lament  "I  have  no  time".  Upperclassmen  have  no  time  be- 
cause they  become  involved  in  innumerable  student  activities  from 
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which  they  were  previously  exempt.  The  many  club  meetings, 
shows,  mass  meetings,  games,  dances  and  hops,  socials  and 
smokers  are  continually  draining  the  limited  quantity  of  time. 
There  is  no  wonder  that  scholarship  must  suffer. 

Do  the  benefits  bestowed  upon  the  participants  in  these  count- 
less extra-curricular  affairs  warrant  the  loss  in  scholastic  benefits? 
It  would  be  rash  to  answer  this  question  with  a  sweeping  "yes"  or 
"no",  for  student  activities  are  too  varied  in  nature  to  be  general- 
ized upon  by  a  single  word.  Unfortunately,  just  this  thing  has 
been  done  by  many  superficial  observers  of  college  life.  Critics 
who  live  outside  the  university  quadrangle  sometimes  see  noth- 
ing but  the  revelry  and  rowdyism  of  a  small  minority  which  is 
magnified  and  charged  against  the  entire  student  body,  while 
inside  of  the  university  walls  men  too  often  throw  the  balance 
over  in  favor  of  an  extensive  interest  in  the  "activities"  at  the 
expense  of  the  struggling  demands  of  scholarship.  Equilibrium 
must  be  secured  by  a  careful  discrimination  between  the  desirable 
and  undesirable,  the  legitimate  and  the  spurious  interests.  Those 
that  do  not  harmonize  with  the  proper  function  of  the  univer- 
sity and  do  not  make  an  advance  toward  its  ideals,  no  matter  how 
indirectly,  should  be  discarded  and  condemned.  Some  must  for- 
feit their  prominence,  no  doubt,  when  subject  to  this  censure,  for 
there  are  many  that  have  small  value  in  furthering  the  real 
purposes  of  the  university. 

The  purpose  of  the  university  we  may  agree  upon  as  the 
developments  in  properly  qualified  students  of  those  latent  powers 
which  will  make  of  them  earnest  and  competent  leaders  in  thought 
and  social  welfare. 

At  the  risk  of  being  commonplace  in  criticism  we  urge  a  consid- 
eration of  the  true  value  of  athletics  as  a  means  toward  the  accom- 
plishment of  this  end.  When  men  become  so  intimately  bound  in 
watching  the  fluctuations  of  the  fortunes  of  a  team  or  of  individual 
players  that  this  forms  the  major  subject  of  their  conversation  and 
thought ;  that  they  will  sacrifice  a  night's  sleep  to  procure  a  good 
seat  at  a  game ;  and  that  they  will  even  go  so  far  as  to  demand  an 
"Extra"  in  their  daily  paper  to  hear  of  each  incident  of  the  game 
immediately  after  it  is  over,  then  the  guarding  critic  must,  indeed 
be  charged  with  neglect  of  duty  if  he  does  not  cry  "halt !"  "The 
real  value  of  an  athletic  contest,"  says  Ed.  E.  Slosson,  now  Editor 
of  the  Independent,  "may  be  represented  by  a  fraction  whose 
numerator  is  the  number  of  players  and  whose  denominator  is  the 
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numl)er  of  watchers  present  or  absent.  For  every  man  who  takes 
part  in  an  athletic  contest  personally  there  are  a  hundred  who 
take  part  by  proxy  and  a  thousand  in  absentia."  When  athletics 
clinch  the  attention  of  students  to  this  extent,  how  is  it  possible  to 
heed  the  calling  of  text  books,  justly  clamoring  for  recognition? 
Unless  the  outcome  of  the  game  be  subordinated  to  the  outcome 
of  the  recitations  or  examinations  there  can  be  no  justification  for 
the  athletic  contest  as  a  recreation  from  the  more  serious  occupa- 
tions of  study. 

If  athletics  predominate  over  all  other  interests  why  are  they 
tolerated  by  the  faculty ;  moreover  w  hy  do  even  the  highest  exe- 
cutives attend  the  contests  which  they  know  do  not,  as  they  are 
now  carried  on,  serve  the  university  in  the  best  capacity?  Here 
again  the  majority  rules,  student  opinion  forces  professors  into 
giving  an  overt  sanction.  We,  as  students,  must  take  the  initia- 
tive, if  we  wish  to  maintain  our  supremacy  we  must  also  assume 
the  responsibility  of  reflecting  upon  the  problems  that  concern  us. 
Grand-stand  athletics  present  a  problem  and  we  must  solve  it. 

Hut  athletics,  altho  the  major  interest,  is  only  one  of  many  that 
have  more  or  less  of  a  deleterious  effect  in  diverting  application 
from  study.  "The  side  shows  are  so  numerous,"  noted  \\  oodrow 
Wilson  while  President  of  Princeton,  "so  diverting — so  important 
if  you  will —  that  they  have  swallowed  up  the  circus  and  those 
who  perform  in  the  main  tent  must  often  whistle  for  their  audi- 
ences, discouraged  and  humiliated."  Reform  must  come  and  we 
must  be  both  reformers  and  reformed.  Grand-stand  athletics 
with  several  other  student  activities,  must  forfeit  their  present 
preeminence. 

Let  us  move  back  into  the  room  of  which  Tennyson  speaks  in 
his  In  Memoriam : 

Where  once  we  held  debate,  a  band 
Of  youthful  friends,  in  mind  and  art, 
And  labor,  and  the  changing  mart, 
And  all  the  framework  of  the  mind. 

Is  there  anything  more  thrilling  than  a  heated  discussion  in  a 
question  of  ethics  or  aesthetics?  Can  not  literary  clubs  and  social 
study  clubs,  too,  evoke  enthusiasm,  or  must  we  confess  a  lack 
of  appreciation  for  the  non-spectacular?  These  may  be  studious 
occupations  but  they  are  vital  and  do  not  blight  the  "free  spon- 
taneous life  of  impulse."  They  rather  nurture  it.  In  these  act- 
ivities there  is  little  danger  of  a  loss  of  interest  in  tiie  important 
demands  of  the  curriculum. 


COLLEGE  NOTES 

No  single  large  building  will  be  constructed  for  the  Engineer- 
ing College  during  the  coming  year,  but  there  will  be  a  number  of 
additions  and  constructions  of  considerable  importance.  The 
Board  of  Trustees  has  appropriated  $25,000  to  the  Engineering 
College  for  a  railway  electrical  laboratory  which  will  be  compar- 
able in  a  way  to  the  steam  locomotive  laboratory  opened  last 
spring.  An  addition  to  the  transportation  building  will  be  erected 
costing  about  $33,000.  It  is  expected  that  the  library  of  the  Engin- 
eering College  will  be  located  in  the  new  portion.  A  wing  of  the 
Mining  Engineering  building,  which  was  opened  last  year,  will  be 
constructed  at  a  cost  of  about  $16,000.  In  this  the  preparation  of 
specimens  for  testing  re-enforced  concrete  will  be  made.  The 
Mechanical  Engineering  Laboratory  will  be  reconstructed  at  an 
approximate  cost  of  $26,000.  When  this  completed  it  should  be 
one  of  the  notable  laboratories  of  its  kind  in  the  country ;  it  will 
accommodate  some  elaborate  pieces  of  equipment. 


On  Saturday  October  25th  the  following  men  were  initiated 
into  membership  in  Tau  Beta  Pi:  J.  W.  Park,  '14  A.  E.,  A.  W. 
Baumgarten,  '14  E.  E.,  H.  V.  Orr,  '14  E.  E.,  Winn  D.  Shipman, 
'14  C.  E.,  H.  W.  Jory,  '14,  Arch.,  E.  T.  Reid,  '14,  E.  E.,  C.  R. 
Velzy,  '14,  M.  E.,  Elmer  McCormick,  '14,  M.  E.,  and  C.  W.  Lin- 
coln, M,  E.,  as  Junior  Honor  Man. 


Members  of  the  19 14  Mechanical  Engineering  Class  on  return- 
ing to  school  this  fall  learned  of  the  death  of  two  of  its  most 
promising  members. 

On  the  last  day  of  work  for  Cleveland,  Cliffs  Iron  Co.,  just  a 
few  days  before  his  expected  return  to  school,  Charles  Sackrider 
met  a  tragic  death  by  coming  in  contact  with  a  live  wire  at  the 
transformer  house  at  the  Maas  mine  in  Nagaunee,  Mich. 

The  other  loss  is  that  of  W.  H.  Michael  who  passed  away  in 
the  middle  of  summer  as  the  result  of  pulmonary  trouble  de- 
veloped at  the  University  last  winter.  Mr.  Michael  was  ambi- 
tious and  will  be  remembered  as  one  of  the  most  conscientious 
workers  of  the  mechanical  engineering  class. 


DEPARTMENT  NOTES 
Electrical  Engineering. 

E.   E.   SOCIETY 

The  Electrical  Engineering  Society  held  their  annual  •"feed"  in 
the  E.  E.  Lab.  the  first  Friday  in  October.  The  purpose  of  the 
feed  was  to  bring  out  the  new  men  so  that  they  could  get  acquain- 
ted both  with  the  older  men  and  with  each  other,  and  incidentally 
to  secure  as  many  memberships  with  as  little  w^ork  as  possible.  In 
bothof  these  functions  the  1914  feed  was  highly  successful.  Eats, 
to  make  people  talkative  and  sociable  were  served  in  great  abund- 
ance and  had  their  desired  effect.  Freshmen,  Sophomores,  Jun- 
iors, Seniors,  and  Professors  were  all  jostled  together  as  the  two 
hundred  men  took  their  turns  in  various  "grub"  lines.  About 
nine  o'clock  a  program  was  given  consisting  of  short  talks  by 
some  of  the  faculty  and  more  prominent  students.  A  motion  to 
adjourn  was  passed  at  about  ten  o'clock,  at  which  time  about  120 
men  or  practically  SSV'  o*  ^1'  the  E.  E.  students  had  taken  out 
memberships  for  the  ensuing  year. 


At  6:45  on  the  evening  of  October,  16,  the  first  regular  meet- 
ing of  the  E.  E.  Society  was  called  to  order  by  President  Scott. 
After  the  minutes  of  the  last  meeting  had  been  read  and  approved, 
the  bills  of  last  year's  smoker  and  this  year's  feed  were  audited. 
The  treasurers  report  showed  that  the  finances  of  the  society  were 
in  a  very  flourishing  condition,  the  balance  on  hand  being  some- 
what over  $150.  The  old  question  of  pins  was  brought  up,  and 
after  a  heated  discussion,  it  was  finally  decided  that  the  society 
should  provide  a  pin  for  each  one  of  its  members.  Nominations 
were  then  made  for  the  senior  representative  of  the  E.  E.  Society 
on  the  Technograph  board.  P2.  B.  Hatowski  was  elected.  The 
speakers  of  the  evening,  Prof.  Morgan  Brooks,  then  gave  a  short 
address  on  "The  Future  of  the  Electrical  Engineer."  In  intro- 
ducing his  subject  he  showed  how  Engineering  twenty-five  years 
ago  was  considered  very  little  above  manual  laboring  while  at 
the  present  time  it  is  classed  as  one  of  the  professions.  In  the 
address  proper,  he  reviewed  all  the  fields  open  to  the  electrical 
engineer  such  as  railway  engineering,  telegraphy,  illumination  etc., 
and  gave  a  brief  but  \ery  interesting  discussion  of  each.  The 
meeting  was  adjourned   at   eight  o'clock. 

E.  A.  James,  '15. 
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Mr.  P.  S.  Biegler  has  been  appointed  as  Associate  in  Electrical 
Engineering.  Mr.  Biegler  graduated  from  the  University  of  Wis- 
consin with  the  degree  of  Bachelor  of  Science  in  Electrical  Engin- 
eering in  1905.  For  two  years  he  was  with  the  Commonwealth 
Edison  Co.,  of  Chicago.  He  was  Instructor  and  later  Assistant 
Professor  in  Electrical  Engineering  at  the  University  of  Iowa, 
1906-09.  From  1909  to  1910  he  was  Assistant  to  the  Electrical 
Engineer  of  the  Washington  \\'ater  Power  Co.  From  here  he 
went  to  Purdue  as  Assistant  Professor  of  Electrical  Engineering. 
Since  191 1  he  has  been  Assistant  Professor  and  later  Professor 
of  Electrical  Engineering-  at  the  Universitv  of  Montana. 


Mr.  A.  R.  Knight  has  been  appointed  as  Instructor  in  Electrical 
Engineering.  He  graduated  from  Ohio  State  University  with 
the  degree  of  Mechanical  Engineer  in  Electrical  Engineering  in 
1909.  He  has  been  in  practical  work  with  the  Columbus  Public 
Service  Co.  and  the  Dayton  Lighting  Co.  From  1909-11  he  was 
Inspector  of  Construction  and  Chief  Electrician  of  the  Spring- 
field Light.  Heat  and  Power  Co.  of  Springfield  Ohio.  Since  191 1 
he  has  been  instructor  in  Electrical  Engineering  at  the  University 
of  Pennsvlvania. 


Mechanical  Engineering 

During  the  past  summer  the  machine  shop  has  been  changed 
considerably.  The  introduction  of  several  new  machines  has 
greatly  increased  the  usefulness  of  the  shop  and  ought  to  be  of  a 
great  value  to  Mr.  Scroggin  in  demonstrating  to  the  students  the 
variety  of  work  which  can  be  done  on  one  machine. 

Perhaps  the  most  interesting  one  of  the  new  machines  in  the 
Horizontal  Drilling,  Boring  and  Milling  Machine,  manufactured 
by  the  Lucas  Machine  Tool  Co.  of  Cleveland  Ohio.  The  spindle 
on  this  machine  can  be  adjusted  for  height,  thus  doing  away  with 
the  old  method  of  adjusting  the  table  to  the  spindle.  The  most 
interesting  feature  is  that  a  man  can  stand  at  one  point  and  apply' 
the  feed  to  the  spindle,  in  and  out ;  to  the  spindle  head ,  and  tail 
stock,  up  and  down ;  to  the  saddle  along  the  bed  and  to  the  platen 
across  the  saddle,  without  danger  of  engaging  more  than  one 
feed  at  a  time.  This  is  accomplished  by  the  use  of  improved  inter- 
locking devices. 

Another  of  the  new  machines  is  a  tilted  turret  lathe,  manufac- 
tured by  the  Wood  Turret  Lathe  Co.  of  Brazil.  Ind.    It  is  capable 
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of  taking  work  up  to  an  inch  and  a  half  in  diameter.  As  the 
name  imphes  this  machine  has  a  tilted  turret  which  does  away 
with  the  tendency  to  spring  encountered  in  the  old  style  turret. 

A  new  "No.  2  Universal  Cutter  and  Tool  Grinder"  manufac- 
tured by  the  Oesterlein  Machine  Co.  of  Cincinnati,  Ohio  has  also 
l>een  purchased.  It  is  capable  of  grinding,  milling,  and  gear  cut- 
ters, reamers,  gages,  shafts,  bushings,  both  external  and  internal, 
and  all  similar  work. 

A  new  line-shaft  in  two  units  has  been  put  in.  One  unit  has 
roller  bearings  and  is  driven  through  a  Morris  silent  chain  drive 
by  a  separate  motor,  while  the  other  unit  is  belt  driven  and  has 
the  old  style  babbit  bearings.  By  the  use  of  the  new  line-shaft 
the  vacant  floor  space  has  been  brought  together  leaving  room  for 
expansion.  The  crane  span  has  been  changed  from  a  twelve 
foot  to  an  eight  foot  span  in  order  to  make  room  for  the  new 
line-shaft. 

H.  E.  Austin,  '15. 


Mr.  L.  A.  Harding  has  been  appointed  as  Professor  of  Experi- 
mental Mechanical  Engineering.  Mr.  Harding  graduated  from 
Pennsylvania  State  College  with  the  degree  of  Bachelor  of  Science 
in  Mechanical  Engineering  in  1899.  In  1907  he  received  his 
degree  of  Mechanical  Engineer,  at  Cornell.  Since  then  he  has 
been  in  practical  work  with  the  Lackawana  Steel  Co.  and  the 
Armstrong  Ark  Co.  of  Pittsburgh,  as  manager  of  constmction. 
From  1909-12  he  was  head  of  the  department  of  mechanical 
engineering  at  Pennsylvania  State  College,  and  during  the  past 
year  he  has  been  in  practice  in  Xew  York  City  as  consulting 
engineer. 


Mr.  H.  \^^  Waterfall  was  appointed  instructor  in  machine 
design.  Mr.  \\'aterfall  is  a  graduate  of  "Boston  Tech"  where 
he  was  assistant  in  Mechanical  Engineering  1911-12.  For  the 
past  year  he  has  been  assistant  to  the  chief  engineer  of  the  Wil- 
liam Cramp  &  Sons.  Ship  and  Engine  Building  Co.,  of  Phila- 
delphia. 


Mr.  F.  C.  Torrance  has  been  appointed  instructor  in  Mech- 
anical engineering.  Mr.  Torrance  is  a  Cornell  graduate.  Since 
graduation  in  191 1  he  has  been  in  practical  work  with  the  Ten- 
nessee Copper  Co.  and  the  Lackawana  Steel  Co.  of  Buffalo. 
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Civil  Engineering. 

Despite  inclement  weather  and  numerous  counter  attractions, 
about  one  hundred  and  fifty  students  and  faculty  men  were  pres- 
ent at  the  annual  smoker  held  at  College  Hall  on  October  10.  Due 
to  teamwork  on  the  part  of  a  very  efficient  smoker  committee 
plenty  of  "eats"  and  "smokes"  of  good  quality  were  provided. 
This  paved  the  way  for  a  good  programme  of  talks. 

President  Lurie's  opening  address  consisted  chiefly  of  a  talk 
on  the  need  of  the  C.  E.  Club  to  back  the  Technograph  both  in  a 
financial  way  and  by  furnishing  articles,  and  on  the  plans  of  the 
executive  committee  to  future  programmes  consisting  of  student 
experience  talks  and  papers.  Professor  McDaniell's  vigorous 
talk  concerning  the  ability  to  make  careful  reports  and  use  Eng- 
lish clearly  and  concisely,  followed. 

Professor  Wilson  and  Mr.  Babbitt,  two  new  members  of  the 
engineering  faculty  spoke  on  "Teaching  versus  a  profession  as  a 
Monument  Builder,"  and  "The  Glad  Hand  at  Illinois." 

Professor  Baker's  address  was  of  more  serious  tone  than  usual, 
the  run  of  stories  being  missing.  The  necessity  of  possessing  the 
power  of  using  clear,  forcible  English,  and  of  having  initiative — 
"the  ability  of  going  ahead  on  your  own  steam,"  were  the  themes 
of  his  address.  The  address  of  the  evening  was  made  by  Mr.  A. 
F.  Robinson,  Class  1880,  bridge  engineer  of  the  Santa  Fe  System. 

I\Ir.  Robinson  also  told  many  interesting  details  concerning  the 
reconstruction  under  his  direction  of  "a  little  bridge  (4000  feet 
long)  over  the  Missouri  River  down  at  Sibley."  Among  other 
things,  the  successful  use  of  concrete  piles,  and  the  difficulties 
encountered  in  raising  the  old  bridge  seven  feet,  under  heavy  and 
almost  uninterrupted  traffic  were  picturesquely  described. 

The  meeting  closed  with  the  draining  of  the  cider  kegs  at  a 
late  hour. 

J.  A.  Demuth,  '15. 


Mining  Engineering. 
The  Student  Branch  of  the  American  Institute  of  Mining 
Engineers,  held  their  annual  "Get  Acquainted"  meeting  October 
2nd,  at  the  residence  of  Professor  H.  H.  Stock.  The  meeting 
was  a  social  gathering  in  order  that  the  faculty  and  the  students 
of  the  Department  of  Mining  Engineering  could  become  better 
acquainted.  Short  talks  were  given  by  the  students  on  their 
summer  experiences.     Some  of  them  did  field  work  for  the  State 
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Geological  Survey ;  others  were  in  the  copper  mines  at  Bisbee, 
Arizona ;  the  Lead  BeU  of  Missouri ;  and  the  coal  and  iron  district 
of  Alabama.  Mr.  R.  \.  \\  illiams  of  the  United  States  Bureau  of 
Mines  gave  an  interesting  account  of  an  exi)erimental  coal  mine 
explosion  in  Pittsburgh.  Mr.  S.  O.  Andros,  who  spent  the  sum- 
mer studying  coal  mining  methods  in  Europe  and  visiting  a  num- 
ber of  foreign  mining  schools,  gave  a  short  resume  of  the  schools 
abroad  and  here.  The  import  of  his  talk  was  clearly  that  our 
institutions  are  superior.  Short  talks  were  also  given  by  Acting 
Dean  C.  R.  Richards  of  the  College  of  Engineering,  Professor 
Stock,  and  the  two  new  members  of  the  mining  faculty — Prof. 
E.  A.  Holbrook  and  Prof.  L.  E.  Young. 

Professor  E.  A.  Holbrook  is  a  graduate  of  the  Massachusetts 
Institute  of  Technology.  After  graduation,  he  was  for  several 
years  in  charge  of  mills  and  mines  in  Alontana  and  British  Colum- 
bia. Since  1909,  he  has  been  Professor  of  Mining  Engineering 
at  the  Nova  Scotia  Technical  College.  During  this  last  period, 
he  also  carried  on  professional  consulting  work. 

Professor  L.  E.  Young  graduated  from  the  Pennsylvania  State 
College.  Since  graduation,  he  has  carried  on  graduate  work  at 
Iowa  State  College,  Michigan  School  of  Mines  and  the  University 
of  Chicago.  From  1909  to  1903,  he  was  Assistant  Professor  of 
Mining  at  Iowa  State  College.  From  1904  to  1907,  he  was  Assist- 
ant Professor  of  Mining  at  the  Colorado  School  of  Mines.  From 
1907  to  1913,  he  was  Director  of  the  Missouri  School  of  Mines. 
He  has  come  to  Illinois  to  pursue  advanced  work  for  the  degree  of 
Doctor  in  Economics,  and,  in  the  meanwhile,  will  give  part  of 
his  time  to  instruction  in  Mining. 

During  the  summer,  all  the  machinery  in  the  Alining  Laboratory 
was  put  in  order  and  several  new  machines  installed.  Some  of 
the  most  important  of  these  are  a  briquetting  press,  similar  to 
that  furnished  the  Bureau  of  Mines,  to  be  used  in  testing  briquett 
binders  and  utility  of  briquetts  as  fuel ;  a  Williams  coal  crusher 
and  puherizer;  a  bVazier  and  Chalmers  grinding  barrel;  and  a 
.Sullivan  diamond  drill  outfit. 

In  the  Ventilation  Laboratory,  there  has  been  placed  a  Hail- 
wood  gas  cap  observation  machine  for  safety  lamps ;  an  Orsat  gas 
ap])aratus  for  the  determination  of  flue  and  furnace  gases;  an 
electric  relighter  for  safety  lamps;  and  much  other  apparatus  to 
be  used  during  the  course  in  Mine  Ventilation. 

To  the  collection  \n  the  Mining   Museum,  has  been  added  a 
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model  ventilating  fan  showing  methods  for  the  reversing  of  the 
air  and  also  a  model  Stewart  pan  jig. 


The  class  in  Mining  3  has  already  made  an  inspection  trip  to 
the  coal  stoppings  near  Danville.  Plans  are  being  made  for  field 
trips  to  other  points  of  mining  interest.  On  October  twentieth 
the  class  in  Mining  9  made  a  trip  to  the  ^lission  Fields,  to  study 
some  new  wood  .construction. 

Letters  have  been  received  from  those  graduates  of  191 3  who 
are  now  in  the  copper  mines  of  the  Braden  Copper  Company  at 
Rancagua,  Chile,  South  America.  They  are  in  the  mountains 
where  the  air  is  cool  and  the  skies  are  clear.  The  engineers,  most 
of  whom  are  from  the  States,  live  together.  Their  work  is  pleas- 
ant and  the  boys  from  here  are  very  well  satisfied. 

S.  T.  Wallace,  '15. 


Df.partmext  of  Railway  Engineering  and  Adminstration. 

Xo  changes  have  been  made  in  the  courses  of  Railway  Trans- 
portation and  Railway  Traffic  and  Accountancy.  This  depart- 
ment is  still  housed  within  two  rooms  of  Commerce  Hall  and  the 
need  of  a  Laboratory  where  the  drafting  of  tarififs  and  computing 
of  rates  and  practices  in  the  making  of  schedules  by  students  is 
greatly  felt  by  all.  However  in  spite  of  the  lack  of  accommoda- 
tions to  give  the  student  the  practical  training  so  necessary,  many 
of  the  men  who  completed  these  courses  are  now  in  responsible 
positions.  Chief  among  these  are:  C.  P.  Yin  '11,  Z.  T.  Zhen  '10, 
and  C.  C.  \\'ang  '11.  These  men  are  now  directing  the  railway 
enterprises  of  the  Chinese  Republic.  Professor  Adams,  of  Mich- 
igan, late  statistician  of  the  Interstate  Commerce  Commission, 
was  appointed  as  chief  adviser  to  the  Chinese  Commission  on 
Government  Railway  Accounts,  by  the  advice  and  the  recom- 
mendation of  the  Department  of  Railway  Administration  at 
Illinois. 

The  Department  of  Railway  Engineering  has  been  more  for- 
tunate in  securing  commodious  accommodations.  To  the  quarters 
already  available  for  the  railway  engineering  courses  additional 
room  is  planned. 

The  Railway  Club  commenced  the  season  on  schedule  time.  On 
Friday  evening,  October  3,  the  annual  feed  was  given  in  its  club- 
room,  115  Transportation  Building.  With  the  rush  and  roar  of 
a  fast  freight,  the  students  of  Railway  Engineering  and  Adminis- 
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tratifjn  drew  up  along  side  the  heavily  laden  "feed  tables"  and 
filled   their  empty  cars  to  the  brim. 

Although  the  main  purpose  of  the  feed  was  to  bring  together 
the  men  of  the  diti'erent  branches  of  the  Railway  Department  and 
to  make  them  acquainted  with  each  other,  several  interesting  talks 
were  given.  After  outlining  the  subject  of  the  club,  President 
I*"eatherston  introduced  the  first  speaker  of  the  evening.  Prof.  E. 
C  Schmidt,  head  of  the  Railway  Engineering  College.  Then 
followed  talks  by  Prof.  A.  M.  Buck,  A.  F.  Comstock  of  the  Rail- 
way Engineering  Department  and  Prof.  E.  R.  Dewsnup,  head  of 
the  Department  of  Railway  Administration  in  which  they  men- 
tioned some  of  the  great  problems  which  face  the  railroad  man  of 
the  present  day.  V>y  the  time  the  meeting  was  adjourned  every- 
body was  elated  with  the  prospects  for  a  successful  year. 

The  next  meeting  was  held  on  Friday  evening,  October  17th. 
The  speaker  of  the  evening  was  Mr.  A.  F.  Comstock  of  the  Rail- 
way C.  E.  Department.  "Railway  Signalling  and  its  Problems" 
was  the  topic.  A  general  discussion  followed  and  after  a  short 
business  transaction  the  meeting  was  adjourned. 

Max  Rukin,  '15. 


Among  the  buildings  to  be  erected  by  the  College  of  Engineer- 
ing during  the  present  year  is  an  electric  railway  laboratory.  This 
will  be  a  companion  building  to  the  new  locomotive  laboratory, 
erected  last  year,  and  will  stand  directly  west  of  it.  Its  dimen- 
sions will  be  the  same  as  the  locomotive  laboratory,  i.  e.  40  ft.  x 
115  ft  inside.  It  will  be  of  steel  construction,  faced  with  brick, 
and  surmounted  by  a  reinforced  concrete  roof. 

The  building  will  be  devoted  primarily  to  a  study  of  electric  rail- 
way problems.  Various  types  of  railway  motors  will  be  arranged 
for  testing,  and  a  gallery  running  the  entire  length  of  the  l)uilding 
will  be  provided  for  electric  tests  of  rails  and  of  light  apparatus. 
A  track  will  be  included  for  the  storage  of  the  electric  test  car, 
now  owned  by  the  department,  and  space  will  be  reserved  for  a 
sub-station  to  transform  power  for  electric  railway  testing. 

The  transportation  Building  also  will  be  completed  this  year 
by  building  an  extension  of  forty-five  feet  to  the  north.  It  is  plan- 
ned to  have  space  available  here  for  a  library  to  serve  the  entire 
College  of  ICngineering,  thus  providing  facilities  which  have  been 
needed  for  several  years. 

A  storage  reservoir  of  90.000  gallons'  capacity  is  under  con- 
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struction  just  east  of  the  locomotive  laboratory,  which  will  fur- 
nish water  for  locomotive  testing.  It  will  be  built  of  reinforced 
concrete  poured  in  one  continuous  operation,  and  will  be  open  on 
top.  Only  about  two  feet  of  the  reservoir  will  project  above 
ground. 


The  Chemical  Club. 
The  Chemical  club  held  its  annual  feed  Tuesday  evening,  Oct- 
ober 14.    About  80  students  and  faculty  men  attended  to  hear  the 
talks  and  to  meet  one  another  for  a  social  time.     The  usual  gin- 
ger bread,  doughnuts,  apples,  and  cider  furnished  refreshments. 

G.  B.  Ruby,  '15. 


The  main  source  of  the  inefficiency  of  education  and  the  princi- 
pal justification  for  the  criticisms  which  have  been  made  upon 
its  results  seem  to  me  to  lie  in  the  students  themselves.  They  go 
to  college  or  technical  schools,  where  they  find  afforded  them 
abundant  opportunities ;  but  many  of  them  are  lacking  in  will,  and 
are  not  able  to  avail  themselves  of  them. 

George  Fillmore  Swain. 


THE  WICKES  VERTICAL 
WATER  TUBE  BOILER 

STEEL  CASED  SETTING 

Verj'  high  thermal  efficiency  is  obtained  from 
this  boiler  and  setting,  because: 

ist.  High  furnace  temperature  results  from 
Dutch  oven. 

2nd.  Gases  entirely  surround  and  closely  scrub 
heating  surface  from  entrance  to  release. 

3rd.  The  gases  cannot  leave  the  heating  surface. 
There  is  no  possible  chance  for  short-circuiting. 

4th.  Boiler  heating  surface  absorbs  the  heat — 
empty  pockets  in  setting  lose  the  heat.  There  are 
no  empty  pockets  in  this  boiler. 

5lh.  The  steel  cased  settings  are  always  tight. 
No  cracked,  warped,  leaky,  defective  and  un- 
sightly settings  exist  with  this  setting. 

6th.  A  steel  cased  setting  is  a  simple  and  sure 
cure  for  air  infiltration  losses.  The  largest  prt- 
ventable  losses  we  have  to  contend  with  in  boiler 
efficiency  are  excess  air  losses. 

7th.  A  very  long  gas  travel — hence  long  con- 
tact with  heating  surface  is  provided — hence  heat 
absorption  is  assured. 

The  "'WTCKES"  boilers  are  boilers  that  engin- 
eers and  business  men  are,  more  and  more,  not 
merely  thinking  about  and  considering,  but  PUR- 
CHASINCi.  for  good  and  Profitable  reasons. 

Let  us  send  you  intensely  vital  reasons  and 
facLs — they  will  interest  you. 

Ag/cfor  our  Little  Hook — sent  free 

THE  WICKES  BOILER  CO. 

Main  Office  and  Works:     Saginaw,  Mich. 


Superior  Design,  High  Grade  Metal,  Careful  Work- 
manship Describe  but  a  few  of  the  Good  Features  of 

JENKINS  BROS.  VALVES 

They  are  the  original  renewable  composition  disc  valves.  The  genuine 
Jenkins  Discs,  with  which  they  are  fitted,  are  of  special  composition,  readily 
adapting  themselves  to  the  raised  seats,  ensuring  absolutely  tight  closure. 
As  there  is  no  metal-against-metal  contact  of  seats,  there 
is  less  abrasion  and  wear,  and  the  labor  of  regrinding  is 
obviated.  Jenkins  Discs  are  inexpensive  and  when  worn 
out  can  be  readily  renewed  without  removal  of  valve  from 
the  piping. 

Jenkins  Bros,  make  a  very  extensive  line  of  valves  in 
brass,  iron  body  or  cast  steel,  suitable  for  moderate,  medi- 
um or  extra  heavy  pressures,  also  mechanical  rubber 
goods.  All  such  bear  their  registered  Diamond  Trade 
Mark,  which  is  a  guarantee  of  superior  quality  and  ser- 
vice. Can  be  obtained  through  regular  dealers;  or,  write 
direct  for  catalogue  and  prices. 
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THE  MECHANICS  OF  THE  GYROSCOPE 

BY  FRED  B.  SEELY 
Instructor  in  Theoretical  and  Applied  Mechanics 

High  speeds  of  the  moving  parts  of  machines  may  be  required 
for  economy  of  operation  or  for  the  value  of  the  high  speed  itself. 
In  any  case,  the  forces  which  are  brought  into  existence  due  to  the 
inertia  of  the  moving  parts,  commonly  called  inertia  forces  and 
kinetic  reactions,  require  careful  attention.  Elaborate  methods 
have  been  devised  to  neutralize  or  balance  the  inertia  forces  in 
special  cases,  as  in  reducing  the  vibrations  of  the  marine  engine 
and  to  a  lesser  degree  in  the  case  of  the  locomotive.  The  stresses 
and  deformations  developed  by  the  inertia  forces  are  often  of 
much  importance  and  are  in  general  much  more  difficult  to  esti- 
mate than  stresses  produced  by  static  forces. 

One  of  the  most  interesting  examples  of  inertia  forces  and 
kinetic  reactions  is  found  in  the  g)'roscope.  Inertia  forces  in 
general  and  the  kinetic  reactions  produced  by  them  may  be  ver>^ 
undesirable  and  under  extreme  conditions  even  dangerous  but  in 
some  cases  they  may  be  made  very  useful  in  accomplishing  desired 
results.    This  is  especially  true  in  g}-roscopic  motion. 

Recent  applications  of  the  g}'roscope  to  engineering  problems, 
especially  its  use  in  the  stabilizing  of  ships,  has  given  fresh  interest 
to  what  for  years  has  been  considered  mainly  as  a  toy  for  children 
or  as  a  problem  to  test  the  ability  of  mathematicians. 

Gyroscopic  motion  comes  under  the  observation  of  nearly 
everyone  every  day.  And  yet  there  is  a  popular  feeling  that 
gyroscopic  action  in  some  way  contradicts  the  familiar  laws  of 
mechanics.  The  mechanics  of  the  g>'roscope  as  arising  in  or  ap- 
plied to  engineering  is  not  difficult  although  serious  mistakes  have 
been  made  in  engineering  problems  where  g)'roscopic  reactions 
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j.Uvca  .111  imiH)rtant  part.*  Ikiorc  discusMiig  gyroscopic  motion, 
therefore,  a  brief  statement  of  some  of  the  fundamental  principles 
of  mechanics  may  prove  of  value.  Emphasis  should  be  laid  upon 
the  fact  that  mechanics  is  a  physical  science  and  that  mathematics 
is  only  a  tool  used  to  ex[>ress  and  interpret  the  physical  laws. 
Ol>*cnation  and  experience  should  be  relied  upon  to  give  the 
physical  meaning  of  mathematical  equations.  Newton's  three  laws 
of  motion  state  in  a  concise  and  formal  way  most  of  the  facts 
which  follow. 

The  velfKity  of  a  particle  has  two  inherent  properties,  magni- 
tude or  speed  and  direction.  These  two  properties  may  be  repre- 
sented by  a  vector  and  any  change  in  the  velocity  may  be  repre- 
sented bv  a  corresponding  change  in  the  vector.  By  definition,  the 
rate  of  change  of  the  velocity  of  a  particle  is  the  acceleration  of 
the  particle.  It  is  evident  that  the  acceleration  may  be  ( i )  the 
rate  of  change  of  the  magnitude  of  the  velocity  only,  as  in  straight 
line  (rectilinear)  motion  (2)  the  rate  of  change  of  the  direction 
only,  as  in  circular  motion  at  constant  speed  or  (3)  the  rate  of 
change  of  l»<)th  magnitude  and  direction  simultaneously  as  in 
general  curvilinear  motion.  Let  a  denote  the  total  acceleration 
in  each  case  we  have  for 

dv 


for 


for 


o=^a.=^^ 


r 


in  which  /  and  »i  denote  directions  tangent  and  normal  to  the  path 
res|>ectively  while  v  represents  the  magnitude  of  the  velocity  at 
any  instant  when  the  particle  is  at  a  distance  r  from  the  center 
of  cur\aturc. 

An  acceleration  of  a  particle  is  never  produced  except  as  a 
force  is  expended  or  used  up  in  developing  it.  Conversely,  an  un- 
balanced force  always  fully  expends  itself  in  producing  accelera- 
tion. The  unbalanced  force,  F.  required  to  produce  an  accelera- 
tion, a,  in  a  particle  of  mass,  m,  is  /^  =  „ia  (when  proper  units 

•  Src  .Vd/Mrr  March   ij,  iyo8. 

Journal  of  the    Franklin  In-.titutc  .August  1898  p.  105. 

Tht  Gyroscope  p.  23.  !>>   F.  J.  B.  Cordeiro. 


The  Mechanics  of  the  Gyroscope  55 

are  chosen).  The  acceleration  may  arise  in  any  of  the  ways 
mentioned  above.  The  direction  of  the  force,  F,  is  always  in 
the  direction  of  the  change  of  the  velocity. 

In  most  engineering  problems  a  force  system  acts  on  a  system 
of   particles    (body)    to   which    the    following   equations   apply; 

SFx  =  Mfl^,    llFy^Mciy,    i:F^  =  Maz 

which  state  that  the  component  of  the  unbalanced  part  of  the  force 
system  in  any  direction  equals  the  component  of  the  resistance  de- 
veloped, due  to  the  inertia  of  the  body,  in  the  same  direction.  This 
inertia  resistance  is  measured  by  the  product  of  the  mass  of  the 
body  into  the  acceleration  of  the  mass-center;  a  quantity  factor 
times  an  intensity  factor.  The  unbalanced  part  of  the  force 
system  must  equal  the  inertia  resistance  since  it  fully  expends 
itself  in  developing  this  resistance.  In  other  words,  a  force  or 
couple  cannot  exist  alone,  the  only  way  a  force  or  couple  can 
be  developed  or  brought  into  existence  being  by  or  through  the 
resistance  offered  by  another  body. 

If  the  unbalanced  part  of  the  force  system  (resultant)  is  a 
couple  which  acts  on  a  rigid  body  the  body  will  rotate,  then  we 
have  the  principle  that  the  couple,  C,  acting  is  measured  by  the 
rate  of  change  of  the  angular  momentum,  Ico,  (also  called  moment 
■of  momentum)  or 

„         a?(/(o)  ,  fl?w  J 

C   =  —   ,         =  1  —j-   =  -/  oc 
dt  dt 

since  the  moment  of  inertia,  /,  of  a  rigid  body  remains  constant 
and  the  rate  of  change  of  the  angular  velocity,  —7—  ,  is  the  angular 

acceleration  oc .  /  oc  represents  the  resisting  inertia  couple  which 
the  external  couple,  C,  develops  in  expending  itself.  If  the  mass- 
system  is  not  rigid,  that  is  if  /  varies,  then  the  external  couple 
which  must  be  introduced  to  maintain  a  constant  angular  velocity 
■6)  is 

^(7(0)  dl 

L/    = i ==   to  —. — 

dt  dt 

In  both  cases,  it  is  assumed  that  the  plane  of  rotation  remains  the 
same  while  C  acts. 

The  g}'Toscope  here  considered  will  be  a  rigid  body  symmetrical 
with  respect  to  three  intersecting  axes  mutually  at  right  angles, 
the  body  rotating  or  spinning  about  one  of  the  axes  with  freedom 
to  turn  about  one  or  both  of  the  other  two  axes  as  the  case  may 
be. 
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KcicrriiiK  i"  i  'K  *'».  '^"t  ^^-'  ^^  ^"^  ^^  •'*"'  ^•^'■^'*-^  intersecting 
axes  mutually  at  right  angles,  ABCD  being  a  horizontal  circular 
diwr.  Let  the  disc  rotate  or  spin  with  a  high  constant  angular 
vchxity.  0).  about  the  Z  axis  and  at  the  same  time  let  the  disc  turn 
alxjul  the  >■  axis  with  an  angular  velocity  Q.  A  particle,  m, 
at  the  distance  p  (assumed  at  the  circumf-^rence  for  convenience) 
from  the  center.  O.  will  have  a  constant  velocity,  wp  in  the  plane  of 
the  disc.  It  will  also  have  a  velocity  perpendicular  to  the  plane 
of  the  disc  (parallel  to  Z  axis)  due  to  the  angular  velocity  Q.  This 
comiKHu-nt  of  the  total  velocity,  in  one  revolution  of  the  disc  about 
the  Z  axis,  will  change  in  magnitude  from  zero  at  A  increasing 
downward  to  a  maximum  at  B.  then  decreasing  to  zero  at  C,  then 
increasing  (in  opposite  direction)  to  a  maximum  at  D  and  finally 
decreasing  to  zero  at  ./  again.  The  magnitude  of  this  velocity 
is  Qf  cos  0. 

As  stated  al>ove  a  force  is  always  required  to  change  the  mag- 
nitude of  a  velocity,  the  direction  of  the  force  being  in  the  direc- 
tion of  the  change  in  velocity.  Hence  a  force  must  be  acting 
downward  on  the  particles  which  are  traveling  from  D  to  B  and 
upward  on  particles  traveling  from  /?  to  D.  The  velocity,  top 
may  be  replaced  by  two  components,  one  perpendicular  to  OY, 
(i>p  sin  0,  and  one  parallel  to  O  Y,  cop  cos  0.  The  component,  wp  cos  0, 
may  Ik?  neglected  as  far  as  rotation  about  OY  is  concerned  since 
the  force  causing  a  change  in  this  component  has  no  moment  with 
resiwct  to  ())'.  The  component  wp  sin  0  suffers  a  change  in  di- 
rection due  to  the  angular  velocity  Q.  A  force  is  required  to 
change  the  direction  of  the  velocity  of  a  particle,  the  direction 
of  this  force  being  the  same  as  the  direction  of  the  change  in 
direction  of  the  velocity.  It  is  evident  from  the  figure  that  this 
force  acts  downward  on  particles  which  are  traveling  from  D  to  B 
and  upward  on  particles  traveling  from  B  to  D.  The  disc,  there- 
fore, due  to  these  two  forces  acting  on  each  particle,  would  start 
to  rotate  aUnit  the  .V  axis  unless  a  couple  acted  to  prevent  the 
turning.    This  couple  is  called  the  (iyroscopic  Couple. 

(Jne  of  the  simplest  physical  illustrations  of  this  gyroscopic  re- 
action is  obtained  by  holding  a  bicycle  wheel  with  one  hand  on 
either  end  of  the  projecting  axle  (dismounted  from  frame).  If 
the  wheel  is  spinning  at  a  high  velocity  in  a  vertical  plane,  an  at- 
tempt to  turn  the  axle  (and  hands)  in  the  horizontal  plane  will 
meet  with  resistance  and  tin-  ulu-el  will  start  to  turn  in  the  vertical 
plane  unUs*.  ihr  hands  i-xt-n  a  coupU-  to  prexent  this  turning. 
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In  order  to  determine  the  magnitude  of  the  gyroscopic  couple 
proceed  as  follows :  The  component  of  the  acceleration  of  any 
particle,  tn,  parallel  to  OZ  is  o  =  o,  -f  a.,  where  a^  represents  the 
rate  of  change  of  the  magnitude  of  the  velocity  Qp  cos  G  and  fl. 
represents  the  rate  of  change  of  direction  of  the  velocity  wp  sin  0. 


a,  = 


rf(Qp_cosO) 
dt 


Qpsin0--7-   =  Qp  sin  0(0  =  toQy 


EF,  Fig.  lb,  represents  the  change  in  direction  of  the  velocity 
(op  sin  6  during  an  interval  of  time  dt  while  the  disc  turns  through 
an  angle  d<^  about  OY.     Hence,  remembering  that  an  arc  equals 


V\e.  I  b. 


the  subtended  angle  times  the  radius  and  that  the  sine  of  a  small 
angle  equals  the  angle  itself,  we  have ; 

EF  cop  sin  0  (/cp  •     a  n  n 

a„  =  —. —  =  —^ — -. =  (0?  sm  6  12  ==  (oliv 

^  dt.  dt  ^  ^ 

therefore  a  =  2(i>Q.y  * 

The  force  then  acting  on  the  particle  of  mass,  m,  perpendicular 
to  the  plane  of  the  disc  producing  the  acceleration  a,  is 
F  =  m  X  a  =  ?«  X  2coQp  sin  0  =  m  X  2(oQy 
The   moment   of    this    force    with    respect    to   the    X    axis   is 
dL  =  F  X  y  =  2mbiQy-     ■ 
and  the  total  gyroscopic  couple  is 

L  =  fdL  =  f2m(iiQy-  =  2lxOiQ 

*  It  should  be  noted  that  this   result  could  have  been   obtained  with 
much  less  work  by  applying  Coriolis's  law. 
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(.lit  since  the  polar  numu-nt  of  inertia  (with  respect  to  Z  axis) 

i«;  /  —  j/,  we  have 

/.  =  /<oQ 

Ihc  following  conclusion  may  l>e  drawn:  If  a  rotating  or 
spinning  Uxly  is  turned  about  an  axis  perpendicular  to  the  axis  of 
spin  a  couple  will  l)e  set  up  about  an  axis  perpendicular  to  the 
other  two  axes.  The  magnitude  of  the  couple  equals  the  product 
of  the  angular  momentum  of  spin  times  the  angular  velocity  of 
turning.  Or,  in  other  words,  a  body  spinning  about  a  Z  axis 
with  angular  velocity  to,  requires  a  couple  C  =  /wQ  to  maintain 
an  angular  velocity  11  about  the  Y  axis.  Q  is  called  the  velocity 
of  precession,  or  the  h>ody  is  said  to  precess  with  an  angular 
velocity  Q. 

.\ttention  should  be  called  however  to  the  fact  that  C  =  /oQ 
is  the  couple  necessar)-  to  maintain  a  precession  which  has  already 
l>een  started.  The  inertia  resistance  which  the  body  offers  when 
the  angular  \elocity  is  l»eing  established  causes  a  lag  and  lead 
(surging)  which  may  be  studied  from  the  equation 

dci  , 


/(oQ  =  L 


dt 


The  surging  action  soon  dies  out  however  on  account  of  friction 
and  'I  becomes  zero  as  Q  becomes  constant. 


y77777?77P7777777 


As  shown  in  I-'ig.  3  the  couple  whose  magnitude  is  ///  causes 
the  disc  and  its  axle  to  precess  (in  hori/onlal  i>laiie  nearly)  with 
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an  angular  velocity  Q.  While  the  velocity  Q  was  being  set  up, 
however,  that  is  while  the  inertia  resistance  of  the  disc  and  axle 
(as  if  not  spinning),  I^<}^,  was  being  overcome,  the  axle  dropped  or 
dipped  slightly.  After  a  certain  (|;  is  developed  an  angular  velocity 
greater  than  Q  is  reached  causing  the  disc  and  axle  to  rise  again. 
This  surging  of  the  velocity  of  precession  with  the  corresponding 
rise  and  fall  of  the  axle  has  some  rather  interesting  analogies  in 
engineering  problems. 

From  the  equaton  a  =  20ii),y  it  is  noted  that  all  points  at  the 
same  distance,  y,  from  the  X  axis  have  the  same  acceleration  per- 
pendicular to  the  disc.  The  resultant  force  acting  (1  to  disc) 
on  each  half  as  divided  by  the  X  axis  may  be  found  by  summing 
up  the  forces  F  =  2;n(oQy  for  each  half,  which  leads  to  the  equa- 
tion, 

Rz=  —  flz  = —  X  2C0Q2/  =  M(oQ  -^ 
22  37: 

The  action  line  of  each  of  these  two  resultants,  Rz,  passes  through 

a  point  at  a  distance  yo  from  the  center  along  the  Y  axis  as  found 

from  the  moment  equation 

/oQ   =  Af (oQ  —   X   2yo  but  since  /  =  ^  Mr-    (for  disc) 

Vo  =   ^^  =  o.sgr 

A  disc  or  wheel  rolling  on  a  circular  track  is  an  illustration  of 
gyroscopic  motion.  Many  other  examples  of  such  motion  will  oc- 
cur to  the  reader,  such  as  locomotive  drivers  or  automobile  wheels 
and  flywheels  when  rounding  a  curve,  etc.  A  couple  C  =  /coQ 
is  required  to  keep  the  disc  from  overturning,  or  in  other  words 
the  gyroscopic  couple  of  the  drivers  helps  the  centrifugal  couple 
to  overturn  the  locomotive.     It  is  interesting  to  note  that  the  line 

of  zero  acceleration  perpendicular  to  the  disc  is  at  y  = as 

shown  as  follows :  Referring  to  Fig.  2,  the  velocity  of  any  point 
(assumed  at  the  circumference  for  convenience)  is  made  up  of 
three  components  as  shown.  The  component  of  the  acceleration 
of  this  point  which  is  parallel  to  the  Z  axis  is  a  ^  o^  +  fl,  +  ^3- 
Oi  and  a.,  have  the  same  meaning  as  in  the  case  already  considered 
Oj  ^  Go  =  fc)Qy.  Og  =  Q-R  due  to  the  rate  of  change  of  the 
direction  of  O.R.     Hence, 

a  =  2  (oQy  -f-  Q-R 
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rie.  2. 

The  velocity  of  the  center  of  the  disc  is  equal  to  the  velocity  of  the 

rim  or  QR  ==  oir.     Equating  a  to  zero  and  solving  for  y  we  get, 

_  _^    _  _J^ 

that  is,  all  points  on  a  line  parallel  to  the  X  diameter  midway  be- 
tween the  track  and  the  A'  diameter  have  no  acceleration  parallel 
to  the  Z  axis.  All  points  above  this  line  have  accelerations  directed 
toward  the  inside  of  the  track  and  all  points  below  this  line  have 
accelerations  directed  outward,  the  acceleration  in  each  case  being 
projxirtional  to  the  distance  from  this  line.  The  resultant  of  the 
forces  producing  these  accelerations  may  easily  be  found.  This 
leads  to  the  fact  that  two  equal  masses  fixed  along  any  diameter  at 
the  same  distance  from  the  center  of  the  disc  would  cause  no  un- 
even pressure  on  the  track  when  running  on  a  straight  track  and 
would  causi'  \ariati()n  in  i)ressure  when  running  on  a  curved  track. 
It  is  an  interesting  fact  easily  proved  that  three  or  more  masses  ar- 
ranged symmetrically  with  respect  to  OZ  will  cause  no  variation 
in  i»ressure  on  either  track.  The  variation  in  pressure  in  the  case 
<»t  a  locomotive  driver  is  very  small  even  when  running  at  high 
speed  around  a  curve  of  the  smallest  radius. 

As  slated  alnjve,  when  an  external  couple  acts  on  a  rigid  body 
the  angular  momentum  of  the  body.  /w.  will  change,  the  magnitude 
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of  the  couple  beings  measured  by  the  rate  at  which  the  angular  mo- 
mentum changes.  The  three  properties  of  an  angular  momentum 
which  are  involved  in  its  physical  meaning  are  ( i )  magnitude, 
(2)  sense  of  rotation,  (3)  direction  (not  location)  of  the  plane  of 
rotation,  as  specified  by  the  angle  which  the  plane  of  rotation  (or 
its  normal  makes  with  some  fixed  plane  (or  line).  A  vector  may 
fully  represent  these  three  factors  by  drawing  it  of  a  proper  length 
to  some  scale  perpendicular  to  the  plane  of  rotation  with  the  arrow 
pointing  in  the  direction  in  which  a  right-handed  screw  would 
advance  if  turned  in  the  direction  of  rotation.  Any  change  in  the 
angular  momentum  is  fully  represented  by  the  corresponding 
change  in  the  vector.  The  couple  required  to  produce  this  change 
is  always  in  a  plane  perpendicular  to  the  vector  representing  the 
rate  of  change  in  the  angular  momentum. 

It  is  evident  that  the  rate  of  change  of  /w  may  be  ( i )  the  rate 
of  change  of  the  magnitude  only,  as  given  by  /  -rr^  /oc  or  (2) 

the  rate  of  change  of  the  direction  of  the  /o)  vector  only  or  (3) 
the  rate  of  change  of  both  magnitude  and  direction. 

The  principle  of  conservation  of  angular  momentum  states  that 
if  no  external  couple  acts  in  a  given  plane  on  a  system  of  par- 
ticles the  angular  momentum  of  the  system  with  respect  to  an 
axis  perpendicular  to  the  plane  remains  unchanged. 

A  few  familiar  illustrations  may  serve  to  make  clear  the 
physical  meaning  of  the  principles  mentioned  above.  Let  two 
pulleys  be  mounted  on  a  rotating  shaft,  one  keyed  to  the  shaft, 
and  rotating  with  it,  the  other  loose  (not  rotating).  Let  a 
clutch  operate  to  suddenly  throw  in  the  loose  pulley  thus  starting 
it  to  rotate  with  the  tight  pulley  and  axle.  The  angular  momen- 
tum of  the  whole  system  before  the  clutch  was  operated  was  /jWi. 
By  throwing  in  the  clutch  the  moment  of  inertia  of  the  rotating 
system  was  increased  to  (/^  +  h)  while  the  angular  velocity  de- 
creased to  Wo.  But  from  the  principle  of  conservation  of  angular 
momentum  we  get, 

I,  Wi  =  (Ii  -f  L)  0),   or   CO2  =— -i-^-X  Wi 

•'1    I   ■'2 

The  angular  velocity  (O2  is  reached  after  a  surging  action  dies 
out.  While  these  vibrations  are  being  extinguished  kinetic  energy 
is  lost.    The  kinetic  energy  of  the  whole  system  before  the  clutch 
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was  ..i.c.'aicd  was  i  /.o,^-  and  after  the  two  pulleys  have  come  to  a 
constant  velocity,  o,.  the  kinetic  energy  of  the  system  is 

i(/.  -f  /.'--  ^'^-  +  ^'•)  ^i^/i^y<'  =  ^  ^^<'  'TT+tJ 
hence 

rrpn-tiii>  tiit  part  of  the  original  kinetic  energy  which  is  dissi- 
pated. This  is  analogous  to  the  loss  of  energy  in  setting  up  preces- 
sion in  the  gyroscope. 

A  man  if  standing  on  a  platform  which  is  revolving  with  an 
angular  velocity  w  can  decrease  the  w  by  extending  his  arms  thus 
increasing  his  moment  of  inertia.  This  develops  a  friction  couple 
on  the  soles  of  his  shoes  hut  the  product  /w  for  the  man  and  plat- 
form must  remain  constant  or,  if  w  is  to  be  kept  constant  an  ex- 
ternal couple,  C,  must  be  applied  to  the  platform  such  that 

A  gymnast  leaving  the  swinging  trapeze  at  the  top  of  a  circus 
tent  with  angular  velocity  (o,  his  body  being  extended,  may  make 
several  complete  turns  in  mid-air  as  he  descends  in  the  vertical 
plane  by  "doubling  up".  This  decreases  his  moment  of  inertia 
and  gives  him  a  corresponding  increase  in  angular  velocity  the 
j)r()duct  7(0  remaining  cr)nstant  since  no  couple  acts  in  the  vertical 
plane. 

As  is  well  known,  a  cat  when  held  by  the  four  feet  will,  if 
dropped,  always  turn  through  one  half  a  revolution  and  light  on 
its  four  feet,  (providing  it  is  held  a  reasonable  distance  from  the 
floor).  This  is  easily  explained  by  the  principle  of  conservation 
of  angular  momentum.  The  /w  of  the  cat  with  respect  to  an  axis 
corresponding  to  its  long  dimension  is  zero  when  its  feet  are  re- 
leased and  must  remain  zero  during  its  fall  since  no  couple  acts  to 
change  this  angular  momentum.  For  small  relative  displacements 
the  cat  may  be  considered  as  made  up  of  a  fore  and  hind  part 
with  a  swivel  at  the  center.  Let  /,  and  I^  represent  the  moment 
(if  inertia  of  the  f(jre  and  hind  parts  respectively.  By  extending 
the  hind  legs  and  contracting  the  fore  legs  the  fore  part  is  turned 
in  one  direction  throwing  the  hind  part  in  the  opposite  direction. 
Since  h«»wcver  I,  >  /,  there  is  a  net  gain  in  favor  of  the  fore 
part.     .\o\v  by  extending  the  fore  legs  and  contracting  the  hind 
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legs  the  hind  part  is  turned,  throwing  the  fore  part  back  but  to  a 
less  extent  since  now  I^  >  /,.  By  a  rapid  succession  of  such 
actions  and  reactions  the  cat  makes  one-half  a  turn.  The  reader 
may,  by  the  same  method,  turn  through  any  desired  angle,  when 
sitting  on  a  swiveled  chair,  by  extending  his  legs  and  contracting 
his  arms  etc.,  etc.  The  action  is  more  positive  if  weights  are  held 
in  the  hands. 


F16.  4  a 

In  the  above  illustrations  the  change  in  the  angular  momentum 
was  either  zero  or  a  change  in  magnitude  only.  That  is,  the  plane 
of  rotation  remained  the  same,  or  in  other  words,  the  vector 
representing  /(o  changed  in  length  only.  In  gyroscopic  motion 
the  /())  vector  changes  direction. 

As  has  been  stated,  a  disc  rolling  around  a  curved  path  is  re- 
volving simultaneously  about  two  axes  mutually  at  right  angles. 
This  example  of  gyroscopic  motion  together  with  the  case  as 
shown  in  Fig.  3  will  be  used  (for  convenience)  to  show  the  appli- 
cations of  the  foregoing  principles  concerning  angular  momentum. 

Referring  to  Fig.  4a,  let  A^B.^  represent  the  disc  at  a  given  in- 
stant when  its  angular  velocity  about  its  axle,  OD,  is  0)1  and  its. 
angular  velocity  around  the  curve  (also  its  angular  velocity  about 
an  axis  through  D  perpendicular  to  plane  of  paper)  is  Oj.  Let 
AnB^  represent  the  disc  after  an  interval  of  time  dt  the  angular 
velocities  having  increased  to  0)3  and  Q^,.  The  plane  of  the  disc 
during  the  time  dt  turns  through  an  angle  rf6.  Let  H  stand  for 
angular  momentum.     The  angular  momentum  of  the  disc  at  the 
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hrsl  in>tat>t  i>  rcpriscntc«i  l.y  //,  =  i  ItJ  »,  and  after  the  internal 
dt  it  is  H,  —  (/wj,.  The  change  in  H  is  ab  (exaggerated)  Fig.  4b. 
This  change  is  due  to  a  change  in  direction  of  H.  represented 
by  ac,  plus  vcciorially  the  change  in  magnitude  represented 
by  cb  A  couple  is  always  necessar)-  to  pr<xluce  a  change  in  // 
the  magnitude  of  the  couple  being  the  rate  of  change  of  H,  the 
plane  in  which  it  acts  U-ing  pen)endicula'-  to  the  vector  repre- 
senting the  rate  of  change  of  //  and  its  sense  of  rotation  being 
determined  from  the  direction  of  the  arrow. 
The  rate  of  change  in  the  magnitude  of  H  is 

dt         dt  dt  dt 

I  lieing  constant. 

The  direction  of  cb  is  pcqiendicuiar  to  the  plane  of  the  disc. 
Hence  a  couple  C,  =  /  a  j  acts  in  the  plane  of  the  disc  causing 
the  disc  to  ri>ll  faster. 

The  rate  of  change  of  the  direction  of  H  is 

ac       H,db         .     ^ 

-,-= , =   Ilxi.il 

dt  dt  ' 

cb  and  ac  are  perpendicular  to  each  other,  for  the  infinitesimal 
angle  JO  Hence  a  couple  C^  =  /o),Q,  acts  in  the  plane  of  the 
pajH'r  ( pcri)endicular  to  plane  of  disc)  in  a  clockwise  direction. 
In  other  words  the  disc  would  tend  to  overturn  unless  a  couple 
r,  acted  to  prevent  the  overturning. 

As  already  shown  C,  =  /(oQ  is  the  gyroscopic  couple.  If  w 
is  constant  C",  ==  zero,  the  total  change  in  H  then  being  ac  and  the 
only  couple  required  to  maintain  the  velocity  Q  being  the  gyro- 
scopic couple. 

When  the  Uxly  is  allowed  to  precess  the  external  couple  acting 
on  the  l»ody  will  be  resisted  by  the  g\'roscopic  couple.  This  is 
readily  seen  by  following  the  changes  in  the  angular  momentum, 
in  l"*ig.  3.  When  the  couple,  HI,  hrst  acts  the  change  in  the  angi'lar 
momentum  produced  is  .lli  vertically  upward.  This  requires  a 
couple  in  the  horizontal  plane  in  an  anti-clockwise  direction  but 
since  there  are  no  l>odies  to  develop  or  supply  this  coujile  the  disc 
turns  (precesses)  clockwise  in  the  horizontal  plane  developing  the 
necessary  couple  (/»•>)  from  the  inertia  of  the  disc.  As  soon 
as  precession  starts  however  the  change  AC  is  produced  in  the 
angular  momentum.  This  recjuires  a  cUxkwise  couple  in  the 
vertical  plane  to  prevent  the  disc  and  axle  from  rotating  anti- 
clockwise in  the  vertical  plane.     This  couple  is  supplied  by  the 
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two  forces  IV  having  a  moment  111.  Hence  if  the  body  is  allowed 
to  precess  the  external  couple  111  is  resisted  by  the  gyroscopic 
couple  or 

IVl  =  /wQ  =  —  khoQ 
9 

from  which  the  velocity  of  precession  Q  ^    — ^  ,  k  beine  the 

radius  of  gyration  of  the  disc  and  axle  with  respect  to  the  y 
axis. 

If  precession  is  prevented  a  couple  C  -=  /wQ  must  be  set  up 
in  the  horizontal  plane,  Q  here  being  the  angular  velocity  at  any 
instant  produced  by  111  which  will  be  the  same  whether  the  disc 
rotates  or  not,  there  being  no  resistance  offered  to  the  external 
couple  unless  precession  is  allowed.  This  explains  why  a  heavy 
rotating  flywheel  or  armature  on  board  a  ship,  with  axle  hori- 
zontal and  athwartship,  will  ofTer  no  more  resistance  to  the  rolling 
of  the  ship  than  if  not  rotating.  The  bearings  of  the  axles  however 
must  exert  a  large  couple  C  =  /coQ  in  a  horizontal  plane  which 
tends  to  "nose  around"  the  ship.  Q  here  represents  the  angular 
velocity  of  roll.  It  is  evident  that  rotating  bodies  aboard  ship  will 
be  subjected  to  less  stress  when  their  axes  are  parallel  to  the  fore 
and  aft  direction  in  which  case  Q  would  be  due  to  the  pitching  of 
the  ship. 

If  an  external  couple  is  applied  in  a  horizontal  plane,  tig.  3,  to 
increase  or  hurry  the  precession  the  disc  and  axle  will  rise,  since 
/(oQ>^F/.  This  is  the  principle  employed  in  Brennen's  mono- 
rail car,  the  precession  being  hurried  by  the  rolling  of  the  axle 
of  the  revolving  fly-wheels,  extended,  on  a  shelf  attached  to  the 
side  of  the  car.  This  principle  is  also  used  in  the  "active  type" 
of  gyroscope  for  stabilizing  ships.  In  this  case  the  precession  is 
hurried  by  means  of  a  precession  engine  which  acts  after  the 
ship  has  rolled  a  very  small  degree  thus  producing  a  g}'roscopic 
righting  couple  just  sufficient  to  extinguish  the  roll.  Since  the 
roll  is  checked  in  its  incipiency  only  a  small  amount  of  work  is 
done.  The  stresses  produced  in  the  hull  of  the  ship  are  also  small 
for  the  same  reason.  The  weight  and  displacement  of  the  gyro- 
scope may  likewise  be  small. 

As  already  pointed  out,  energ}'  is  dissipated  in  establishing  pre- 
cession. In  order  to  start  the  disc  and  axle,  Fig.  3,  precessing  the 
axle  must  dip  due  to  the  couple  IVl  through  an  angle  c/G.  The 
work  done  during  this  displacement  is  llldd.   This  work  generates 
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a  certain  amount  oi  Kiiutic  trnerg>'  which  appears  as  the  kinetic 
encrg>-  of  precession  which  is  expressed  b>  ^  /vO-.  The  work 
H'ld^  however  is  not  all  expended  in  producing  this  kinetic 
encrp>  as  may  l>e  shown  as  follows :  When  the  axle  dips  an  angle 
(/O  the  component  of  the  angular  momentum,  loi.  parallel  to  the  y 
axis  is  /t)  sin  dft.  The  total  angular  momentum  with  respect  to  the 
>'  axis  must  U-  zero  (conservation  of  angular  momentum)  hence 
the  angular  momentum  of  precession  I^Q  must  neutralize  this 
ooini>onent  or 

/o)  sin  db  -=  I^ii;  multiplying  by  ^  0  we  get, 
y<uQsin</e  =     lyQ- 
But  Wl  =  /wQ 

.-.  ^  irwe  =  i  /vQ- 

that  is,  one  half  of  the  work  expended  is  transformed  into  kinetic 
energ}-  of  precession  the  other  half  is  dissipated  through  the  fric- 
tion which  reduces  the  surging. 

"Lord  Kelvin  first  pointed  out  that  if  currents  of  a  system  are 
kept  constant  by  a  batter}-  during  a  displacement  in  which  the 
electro-kinetic  energ)'  is  increased  by  U\  an  equal  quantity  Tf 
of  energ>-  is  dissipated  from  the  wires  as  heat,  the  batter}'  being 
thus  drawn  upon  for  a  double  quantit}-  of  energ}'  2U'"*. 

For  those  interested  in  the  various  ways  in  which  gxroscopic 
motion  may  arise  and  in  the  progress  which  has  been  made  in 
the  application  of  the  g}roscope  to  the  stabilizing  of  ships,  mono- 
rail cars,  and  aeroplanes,  to  the  guiding  of  torpedoes,  to  com- 
passes, and  to  the  Griffin  grinding  mill  the  following  references 
are  appended : 

1.  Journal  of  The  Franklin  Institute,  May,  1913. 

2.  .-imerican  Machinist,  August  7  and  14,  191 3. 

3.  Iron  Age.  December  1,8,  15,  and  22    19 10. 

4.  Scientific  American  Supplement,  Januar}-  26.  1907. 

5.  Popular  Science  Monthly,  July,  1909. 

•Quoted  from  "Spinning  Tops  and  Gyroscopic  Motion"  by  H.  Crabtree. 
See  Maxwell's  Electricity  and  Magnetism"  3rd  edition.  Vol.  II,  p.  225. 


INDIRECT  LIGHTING  APPLIED 
BY  LEONARD  V.  JAMES,  E.  E. 
Associate  in  Electrical  Engineering 

In  a  previous  article  the  principles  underlying  good  illumina- 
tion were  discussed  at  length.  Among  other  things  determined 
as  a  result  of  this  study  was  that  it  is  necessar\^  in  a  satisfactor}' 
system  to  protect  the  eyes  from  too  great  contrasts  in  intensity  as 
well  as  to  provide  for  distribution  and  difiFusion  of  the  light  rays. 
It  was  suggested  that  one  system  which  makes  much  of  eye-pro- 
tection and  of  diffusion  of  light  is  the  so-called  eye-comfort  or 
indirect  system.  A  more  complete  discussion  of  this  system  as 
practically  applied  is  given  here.  The  installaton  of  plain  fixtures 
alone  will  be  considered,  possible  artistic  effects  and  fixtures  being 
reserved  for  a  future  article. 

Any  system  of  illumination  depending  upon  reflection  to  direct 
the  rays  of  light  to  the  objects  illuminated  might  be  termed  an 
indirect  system.  Thus  daylight  is  really  indirect,  especially  in- 
doors, the  clouds  and  the  objects  on  the  earth  redirecting  the 
sun's  rays  so  that  they  enter  the  room.  Moonlight  is  another 
example  of  this  lighting,  although  none  of  the  advantages  of  in- 
direct are  found,  the  shadows  and  contrasts  being  less  noticeable 
than  in  straight  direct  lighting  only  because  of  a  less  brilliant 
source. 

There  are  a  number  of  artificial  systems  of  lighting  utilizing 
this  principle  of  reflection  of  the  rays  from  extended  areas  of 
enlarged  sources,  these  areas  being  either  a  part  of  the  fixture  or 
of  the  ceiling.  Losses  of  light  energy  occur  in  these  systems  in 
two  places,  first  in  the  reflector  within  the  fixture  and  again  where 
the  rays  are  redirected  from  the  ceiling  or  other  large  surface. 
One  ver}^  successful  system  uses  silver-mirrored  reflectors  for 
each  lamp  in  the  fixture  making  it  convenient  to  have  these  reflec- 
tors of  scientific  design  as  well  as  providing  the  highest  efficiency 
possible.  Complete  diffusion  of  the  rays  is  obtained  by  means  of 
corrugations  while  long  life  is  assured  by  coating  the  outside  with 
an  elastic  enamel.  The  arrangement  thus  is  such  that  a  ver}' 
large  per  cent  of  all  the  light  produced  in  the  fixture  is  directed  to 
that  part  of  the  ceiling  where  it  will  accomplish  most  in  providing 
general  illumination  in  the  room.   Sections  of  fixtures  so  equipped 
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arc  >lunvn  .n  liKvirc>  i  aiuJ  J.  The  containing  bowl  is  opaque  in 
this  case;  the  same  may  U-  made  of  translucent  material  and 
Uluminat<J<l  from  within  for  artistic  effect  but  to  try  to  secure  use- 
ful light  through  this  Ik)wI  seems  to  mean  a  decreased  efficiency  for 
the  unit. 

There  seems  to  l>e  a  tendency  to  associate  light  ceilings  and 
walls  with  indirect  lighting  but  to  give  no  thought  as  t*.  how  many 
of  the  rays  are  directed  to  the  ceiling  and  the  manner  of  their 
direction,  matters  of  equal  if  not  greater  importance  than  the 
color  of  the  decoration.  Reference  to  the  several  diagrams  m  the 
preceding  article  shows  that  most  of  the  light  on  the  working- 
plane  comes  from  a  limited  part  of  the  ceiling,  but  little  being 
reflected  from  the  walls,  while  experience  teaches  that  the  color 
of  the  walls  does  not  have  a  marked  effect  upon  the  results.     For 


Ku;.  I.     Multi-unit  fixture,  showing  reflectors. 


Ku;.  2.    Multi-unit  equip- 
ment, shallow  reflectors. 


these  reasons,  the  reflectors  in  the  fixtures  should  be  designed  so 
that  the  light  will  be  limited  largely  to  that  part  of  the  ceiling 
where  it  will  do  the  most  good,  only  enough  being  directed  be- 
yond that  area  to  light  the  rest  of  the  ceiling  and  the  upper 
walls  s(»  that  they  can  be  seen. 

Since  the  ceiling  plays  so  important  a  part  in  an  installation  of 
indirect  lighting,  its  surface  should  have  high  diffusing  and  re- 
flecting qualities, — that  is,  should  be  somewhat  rough  so  as  to  re- 
flect the  light  in  all  directions,  most  of  the  light  directed  to  it 
Ixring  reflected.  An  almost  ideal  surface  for  these  purposes  is 
white  blotting  paper  which  has  nearly  as  high  a  reflection  coefli- 
cicnt  as  the  ordinar)-  mirror  but  so  scatters  or  diffuses  the  rays 
that  most  people  are  surprised  when  tluy  learn  this  fact.  Thus 
flat  white  or  cream  ci-ilings  give  the  best  effect,  but  should  be 
rough   rather  than   ulossy.     palc   blue  or  pink   tints   have   been 
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known  to  give  fair  results,  but  even  light  shades  of  the  heavier 
colors  should  be  avoided.  As  previously  suggested,  except  in 
very  small  rooms,  the  influence  of  the  walls  upon  the  illumination 
is  slight,  so  that  any  colors  harmonizing  with  the  ceiling  may  be 
chosen,  except  that  a  drop  or  border  of  a  light  shade  sometimes 
seems  desirable  for  general  effect.  It  has  been  noticed  that  light 
colored  walls  are  more  necessary  for  satisfactory  daylight  and 
direct  lighting  than  where  the  indirect  system  is  used. 

The  accompanying  photographs  of  installations  were  made, 
practically  without  exception,  with  the  indirect  light  alone.  The 
excellent  diffusion  afforded  appears  in  the  absence  of  glar>'  spots 
and  dense  shadows.  The  resulting  "softness"  is  very  easy  on  the 
eyes,  or  technically  speaking  the  absence  of  sharp  contrasts  re- 
lieves the  ej'es  from  the  muscular  strain  to  which  they  are  ac- 
customed when  used  in  most  artificial  light  or  even  in  some  cases 
of  natural  light.  The  result  is  not  only  that  the  user  of  the  light 
finds  greater  comfort  but  he  is  completely  satisfied  with  a  much 
lower  intensity,  a  condition  discussed  in  tlie  previous  article  on 
principles  of  illumination  and  shown  to  be  possible  where  the 
illumination  is  proper. 

One  of  the  most  interesting  among  recent  installations  of  in- 
direct lighting  is  in  the  new  Hub  (Henry  C.  Lytton  and  Son), 
Chicago.  The  main  floor  in  this  large  store  is  equipped  with 
luminous  bowl  fixtures  suggested  on  a  previous  page  and  described 
in  a  subsequent  article  on  this  class  of  fixture.  Figure  3  shows  a 
representative  floor  in  the  Hub.  The  bowls  are  of  special  design 
and  of  old  ivory  finish,  and  each  one  contains  a  250- watt  mazda 
lamp  with  suitable  reflector.  There  are  four  of  these  fixtures  per 
bay  of  about  500  square  feet  so  that  the  pov.'er  consumption  is  two 
watts  per  square  foot.  The  resulting  illumination  is  5.4  foot- 
candles  which  is  high  for  this  class  of  service  and  is  giving  perfect 
satisfaction.  The  ceiling  and  walls  are  ivory  white  in  finish.  It  has 
been  found  desirable  to  clean  the  reflectors  ever)'  few  weeks,  a 
slightly  dampened  cloth  being  used.  If  indirect  lighting  can 
force  people  to  give  this  kind  of  attention  regularly  to  their 
electric  fixtures  it  will  have  brought  about  a  real  economy  all 
along  the  line  for  it  is  noteworthy  that  reflectors  are  seldom 
cleaned  as  frequently  as  they  should  be  if  their  average  efficiency 
is  even  to  approach  their  best  efficiency.  As  a  suggestion,  try  a 
mirror  with  and  without  a  slight  film  of  dust. 


Kn..  .^     Typical  Clothing  Floor  in  the  Hub,  Chicago 


FHi.  4.     The  r.iH-'.r» I    Ihcatrc,  Chicago 
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The  Englewood  Theatre  in  Chicago,  Figure  4,  shows  how  well 
this  class  of  interior  is  handled  by  indirect  lighting.  While  the 
auditorium  lamps  in  a  theatre  are  used  so  little  that  the  expense 
of  operating  the  same  is  small,  it  is  probable  that  a  similarly 
satisfactor}-  system  of  direct  lighting  would  require  as  much  if  not 
more  energy  than  the  one  here  installed.  The  economical  ad- 
vantage here,  however,  is  in  the  small  number  of  fixtures  re- 
quired, while  the  advantage  in  the  illumination  secured  is  appar- 
ent. The  efifect  is  even  more  pleasing  in  a  moving  picture  theatre 
where  one  lamp  in  each  fixture  may  be  turned  on  continuously 
throughout  the  performance,  giving  a  soft  dim  light  which  will 


Fig.  5.     Masonic  Hall,  Auditorium  Hotel,  Chicago 


•enable  people  to  move  around  but  will  not  interfere  in  the  least 
with  the  picture  being  shown. 

The  use  of  the  indirect  system  in  large  auditoriums  is  shown  in 
Figures  5  and  6.  The  Masonic  Hall,  Figure  5,  is  particularly  in- 
teresting because  of  its  former  use  as  an  Egyptian  banquet  room, 
when  direct  lighting  was  used.  In  each  case  decorative  features 
have  been  embodied  in  the  lighting  plan ;  without  these  and  using 
■mazda  lamps  throughout  the  direct  system  would  have  cost  over 
three  times  as  much  for  operation  as  the  present  installation. 
Definite  figures  are  not  available  giving  the  illumination  in  foot- 
candles  in  the  banquet  hall  but  it  is  not  probable  that  the  effective 
light  was  much  more  than  in  the  present  hall  where  there  is  an 
average   of   about   two    foot-candles — nearly   office    illumination. 
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The  auditorium  and  ball-room  at  the  South  Shore  Country  Club, 
Chicago.  (Figure  6)  is  lighted  by  three  large  and  very  elaborate 
tixturcs  in  the  main  part  of  the  hall,  and  by  a  number  of  small 
fixtures  in  the  promenade.  This  was  another  place  where  a 
sa\ing  was  effected  by  using  the  indirect  system.  It  was  wired 
and  planned  for  direct  lighting;  by  changing  over  there  w^as  an 
actual  saving  in  fixtures  and  lamps  of  over  $700,  and  the  cost  of 
operation  was  reduced  twenty  per  cent. 

The  matter  of  relative  economies  is  one  which  hardly  should 
J)C  considered  without  bearing  in  mind  other  advantages.    Still  it  is 
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Fir..  6.     Ball-room,  South  Shore  Country  Club,  Chicago 


sometimes  desired  to  make  comparisons  on  the  basis  of  the  cost 
of  operation  alone.  .Numerous  instances  like  the  ones  just  re- 
ferred to  indicate  that  the  indirect  system  of  lighting  is  at  least 
on  e(|ual  footing  with  the  direct  where  adccjuatc  illumination  is 
re(juire<l  throughout  the  entire  area  to  be  lighted.  \\  hile  this 
condition  holds  for  most  interiors  special  cases  exist  whicli  pre- 
sent special  prcjblems.  Thus  it  will  obviously  be  more  expensive 
to  light  an  entire  large  living  room  when  merely  localized  light- 
ing at  the  reading  table  is  desired.  Here,  with  direct  lighting, 
the  table  might  U-  placed  near  the  lamps  and  but  (nu-  of  them  used. 
This  is  an  unusual  condition,  however,  even  in  homes,  for  general 
illumination  is  recpiired  in  parlors,  dining  rooms,  bedrooms,  etc. 
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Such  a  dining  room  is  shown  in  l*'igure  7,  where  more  energy  is 
used  than  in  most  dining  rooms  but  where  more  than  the  table  it- 
self is  lighted  and  where  there  are  no  bright  filaments  exposed  to 
blind  the  people  in  the  room. 

A  representative  library  installation  is  that  in  the  civics  reading 
room,  Chicago  Public  Library,  shown  in  Figure  8.     The  ceiling 
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Fig.  7.      Indirect  Lighting  in  a  Dining  Room 


Fig.  8.     Civics  Reading  Room,  Chicago  Public  Library 
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hghl  cream,  the  walls  are  light  buff  on  the  upper  half  and 
ligtit  Italian  marble  1k-1ow.  and  the  furniture  is  dark.  Single- 
unit  fixtures,  each  containing  one  40O-\\att  lamp,  are  used  with 
excellent  effect. 

The  absence  of  shadows  and  the  good  distribution  obtained  by 
using  the  indirect  system  are  doing  much  to  popularize  that 
svstcm  for  use  in  •)flKe  buildings.     Figure  9  shows  the  County 


Fn..  if.     Oiuntv  Clerk's  Office,  Multnomah  County  Court  House,  Portland,  Oregon 


l.krk's  office  in  the  Multnomah  Co.  Court  House  at  Portland, 
Oregon,  two  wings  of  which  building  are  lighted  by  indirect  en- 
tirely. A  high  average  illumination  of  nearly  four  foot-candles 
is  obtained  with  an  energy  consumjition  of  about  one  and  a  half 
watts  jwr  stjuare  foot.  The  ceiling  in  this  case  is  also  of  light 
cream.  Further  office  views  are  given  in  Figure  10,  showing 
four  representative  rooms  in  the  Armour  General  Office  Bldg., 
Chicago.      The    upper    h-ft    view    shows    the    president's    office 
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illumiiiatvd  to  nearly  three  foot-candles  by  one  500-watt  fixture, 
the  upjK-'r  ng/t4  shnws  a  part  of  the  general  offices  which  are  lighted 
by  loo-uatt  lamps  and  the  lower  left  is  the  ladies'  rest  room 
lifted  in  the  same  manner  as  the  general  offices  but  at  a  lower 
intensity.  The  barl>er  shop  shown  in  the  lower  right  corner  merits 
considerable  attention,  especially  because  of  the  peculiar  condi- 
tions involved.  Among  the  advantages  obtained  by  installing 
indirect  is  that  the  absence  of  all  shadows  makes  it  unnecessary 
for  the  barl)er  to  choose  his  position  with  the  light  in  mind, 
while  the  occupant  of  the  chair  finds  it  agreeable  to  look  up  to  a 
moderately  illuminated  ceiling  instead  of  into  a  glaring  reflector. 
The  Armour  Hldg.  is  equipped  throughout  v.ith  indirect  lighting, 
a  special  and  inexpensive  fixture  having  been  designed  by  the 
company  making  the  installation  and  called  by  them  the  "Armour 
fixture." 


WILLIAM  THOMPSON— LORD  KELVIN 

As  one  who,  waking  ere  the  morning  light 
Stirred  by  a  force  beyond  the  common  ken. 
Scorns  each  inducement  to  repose  again. 
Such  is  the  vision,  bursting  on  his  sight ; 
And  rising  steadfast  in  resistless  might 
Forged  by  a  faith  that  makes  men  more  than  men 
Like  him  of  strength  as  of  the  strength  of  ten. 
Essays  the  weary  guest  across  the  night. 
So  here,  amid  the  shadows  of  a  time 
I'linded  to  nature's  portal  splendid  fire, 
This  man,  beholding  with  a  faith  sublime. 
Braving  the  dark,  sought  out  the  golden  key. 
Gaining  while  others  slept  the  lustrous  prime 
Of  truths  released  for  all  posterity. 

I'rank  A.  Farnsworth  Jr..  in  Edison  Monthly. 


*SOME   SUGGESTIONS   TO    THE   UNDERGRADUATE 

BY  A.  F.  ROBIXSOX,  "So 
Bridge  Engineer  of  the  Santa  Fe  Syste)n 

Some  of  our  legal  and  political  friends  have  attempted  to  fix 
the  field  of  engineering  within  very  narrow  limits.  The  final 
breadth  of  the  field  will  depend  in  large  measure  on  the  practising 
engineers  themselves. 

We  must  not  forget  that  broad  economic  questions  are  of  even 
more  importance  than  the  actual  details  of  construction.  In  fact, 
the  proper  solution  of  these  economic  questions  is  the  defense 
for  the  kind  of  construction  used.  The  field  of  engineering  must 
not  be  limited  to  the  mere  la}ing  out  of  a  line  and  constructing  it. 

T  have  often  been  asked  why  engineers  do  not  hold  a  larger 
percentage  of  the  high  positions  in  national  and  commercial  en- 
terprises. I  think  it  is  generally  admitted  that  lawyers  are  in  the 
majority  in  the  President's  cabinet,  in  the  U.  S.  Senate  and  the 
House ;  also  in  State  affairs.  Further,  they  hold  very  many  prom- 
inent places  with  our  railway  corporations  and  other  large  com- 
mercial enterprises.  I  think  there  are  good  reasons  for  this.  I 
also  believe  that  the  engineers  should  in  the  near  future  be  very 
much  more  prominent,  especially  in  railway  and  commercial 
affairs  than  they  have  been  in  the  past. 

The  reasons  for  lawyers  holding  prominent  places  may  be 
roughly  grouped  as  follows : 

1.  They  are  good  pleaders  ;  they  learn  to  state  their  cases  in 
the  strongest  manner  possible. 

2.  The  better  class  of  lawyers  are  masters  of  the  art  of  brev- 
ity; they  give  the  clearest  and  most  convincing  presentation  of 
their  cases  in  the  fewest  words  possible.  Recently  a  Chicago 
lawyer  received  a  $10,000  fee  for  one  word. 

3.  Lawyers  control  to  a  large  extent  the  details  of  contracts, 
organization  papers,  and  working  program  for  all  business  enter- 
prises. They  also  exercise  similar  control  over  the  make  up  of 
laws  and  legislative  enactments.  They  therefore  naturally  make 
ample  provision  for  their  profession. 

We  seldom  find  engineers  who  are  masters  of  the  art  of  proper 
presentation,  as  a  class  they  are  not  good  pleaders  or  good  talkers. 

♦Address  delivered  before  the  Civil  Engineer's  Club  at  their  smoker, 
Oct.  10,  1913. 
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Most  Ml  ilifii  irainiiiK'  lia.s  apparently  been  tDuard  finding  out 
facts,  the  study  of  mailiematics  and  other  branches  of  engineer- 
ing, while  the  proper  presentation  <»i'  what  tluv  have  learned  lias 
been  in  a  great  measure  neglected. 

During  the  past  twenty-five  year^  it  l.a>  been  my  privilege  to 
have  a  gtKxl  many  engineers  in  my  office  force.  Scarcely  one 
man  in  ten  is  able  t<j  make  a  report  on  an  ordinary  engineering 
investigation  that  I  could  accept  as  my  own.  I'ew  of  the  men 
seem  to  appreciate  the  value  of  the  clearest  and  most  forcible 
presentation  of  the  matter  in  hand  in  the  fewest  possible  words. 
This  fault  does  not  apply  to  the  graduates  from  any  one  institu- 
tion :  it  applies  to  all  of  them  with  whom  I  have  had  any  acquaint- 
ance. 

Theve  faults  may  possibly  be  due  to  some  omissions  in  the  reg- 
ular university  studies.  The  courses  as  now  laid  out  keep  our 
students  busy  all  of  the  time.  It  \\(juld  be  a  iiard  matter  to 
crowd  in  enough  work  in  the  line  of  presenting  cases  to  make  it 
worth  while  without  infringing,  more  or  less,  on  other  important 
studies.  My  idea  in  presenting  this  matter  to  freshmen  and 
sophomore  engineers  is  to  see  if  they  cannot  help  somewhat  in 
the  matter. 

(jenerally  the  time  of  the  student  is  devoted  almost  entirely  to 
learning  his  lessons  and  \ery  little  time  is  given  to  the  matter  of 
making  the  recitations  or  presenting  the  various  cases.  I  believe 
the  instructors  in  our  universities  would  tell  you  that  not  one 
student  in  ten  pa\s  nnich  attention  to  the  manner  in  which  reci- 
tations are  made ;  i.  e..  as  to  the  clearness  of  his  demonstration 
an«l  the  brevity  of  same.  Will  it  not  be  possible  for  our  fresh- 
men when  they  commence,  to  devote  a  small  portion  of  their  time 
to  the  manner  in  which  their  recitations  are  made?  i.  e..  to  the 
matter  of  presenting  their  cases.  I  think  if  this  idea  is  fixed  in 
the  minds  of  the  students  from  the  time  they  enter  the  Univer- 
sity an<l  followed  consistently  through  their  course,  they  will  all 
of  them  be  much  better  able  to  make  a  clear,  forcible  and  concise 
presentation  of  any  cases  that  may  come  before  them.  It  seems 
to  me  this  is  a  matter  that  coneerns  the  student  fullv  as  much  as 
the  instructor,  if  not  more. 

I  am  making  these  suggestions  as  a  beginning,  thinking  that 
if  the  next  generation  ..f  students  shows  a  decided  improvement 
the  faculty  will  fuid  a  way  of   following  the  matter  up  further. 
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We  must  not  expect  to  solve  the  entire  problem  the  first  attempt. 

Engineering  as  a  profession  has  been  accepted  as  a  kind  of  a 
necessary  evil  after  only  a  few  generations  of  trial.  The  final 
position  of  engineering  will  rest  with  the  present  and  the  next  two 
or  three  generations.  Will  they  be  able  to  solve  the  problems 
and  carry  the  burdens  now  being  placed  on  them  by  society? 
Many  generations  of  lawyers  were  required  before  that  profes- 
sion was  firmly  established. 

Babson  in  a  recent  lecture  before  the  Chicago  Engineers'  Club 
said :  "Lawyers  are  trained  to  evade  or  out-wit  the  law.  Engi- 
neers, on  the  other  hand,  must  be  honest,  since  they  are  dealing 
with  the  laws  of  nature  and  with  fundamental  basic  principles." 
It  seems  to  me  one  of  our  greatest  weaknesses  as  a  profession  is 
in  the  presentation  of  our  cases  as  previously  noted. 

Tw^enty-five  years  or  more  ago,  when  the  speaker  commenced 
active  work,  the  field  of  engineering  was  almost  entirely  occupied 
by  the  so-called  self-educated  man.  The  college  bred  engineer 
was  looked  upon  as  a  sort  of  a  curiosity  or  an  "educated  lunatic." 
Today  there  are  few  of  these  self-educated  engineers  in  active 
service ;  they  have  been  replaced  by  the  college  bred  engineer. 
Railways  and  all  of  the  great  commercial  enterprises  require  en- 
gineers having  the  very  best  of  training.  Today  one  of  the  ques- 
tions asked  about  a  man  either  in  high  position  or  a  young  man 
applying  for  a  place  is  "What  university  is  he  from?"  Most  of 
our  railways  and  large  commercial  enterprises  will  not  employ 
men  unless  they  have  received  a  thorough  college  training. 

The  trend  of  opinion  seems  to  indicate  that  there  will  be  al- 
most an  unlimited  field  for  the  engineers  that  are  able  to  give  the 
kind  of  service  that  is  required  of  them.  The  present  generation 
of  engineers  has  carried  a  heavy  burden  ;  they  have  been  making 
a  field  and  at  the  same  time  working  it.  The  coming  generations 
will  have  to  carry  a  still  heavier  burden.  The  outlook  for  them 
is  almost  beyond  measure.  It  therefore  stands  us  in  hand  to  make 
ample  provision  to  meet  all  the  demands  of  the  general  public. 

I  believe  if  our  young  engineers  will  take  the  full  college  course 
having  in  mind  the  fact  that  the  learning  of  lessons  is  only  one 
part  of  the  process ;  if  they  will  endeavor  to  present  their  recita- 
tions every  day  in  the  clearest  and  most  forcible  of  language,  at 
the  same  time  keeping  in  mind  brevity,  we  will  have  in  due  course 
a  generation  of  engineers  that  will  be  holding  positions  as  chief 
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engineers.  \  uc  i-rcsulents  and  presidents  of  the  various  railway 
and  commercial  enterprises.  We  will  then  have  men  who  are 
really  engineers,  men  who  are  able  to  solve  the  problems  put  be- 
fore them  and  then  present  their  results  in  proper  form  for  con- 
sideration. Soon  after  this  time  comes  we  will  find  engineers  oc- 
cupying positions  of  trust  and  shaping  not  only  railway  and  com- 
mercial enterprises,  but  also  having  a  voice  in  legislative  affairs. 


THE  ARC  LIGHT 

All  night,  all  night,  I  swing  and  sway, 

Above  the  city's  quiet  way. 

Gone  tlie  crowds  that  evening  knew, 

Gone  the  last  belated  few. 

Sleep  reigns  the  silent  city  through. 

While  round  me  windows,  shutterless. 

Reflect  my  light  in  loneliness. 

The  watchman  ever  and  anon 

Approaches,  passes,  and  is  gone. 

Crime  slinks  from  some  dark  alley  nigh. 

To  fix  on  me  its  baleful  eye. 

Then,  ever  watchful,  hurries  by 

To  seek  a  more  secluded  spot. 

My  law — enforcing  rays  reach  not. 

An  ambulance  clangs  by  in  flight; 

Then  silence  and  the  pulse  of  night. 

The  winds  that,  moaning,  ever  seek 

To  voice  their  woe  make  awnings  creak 

Till  every  cranny  seems  to  speak. 

Blown,  tattered  papers  past  me  wing    .... 

Thus  all  night  long  I  sway  and  swing. 

Walter  G.  Doty  in  Edison  Monthly. 
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EDITORIAL 

Due  to  unavoidable  delay  in  publication  any  comment  that  may 
appear  in  the  I'-ditorial  must  always  be  several  weeks  out  of  date, 
so  in  place  of  the  usual  remarks  on  university  affairs  the  Editor 
has  taken  the  privilege  of  appropriating  his  allotted  space  to  a 
discussion  of  several  subjects  in  which  interest  should  be  more 
permanent. 

The  heresy  committed  in  the  Thoughts  in  the  following  pages 
may  be  unpardonable,  but  we  will  request  our  readers  to  forget 
for  a  while  that  they  are  engineers  and  that  they  will  consider  the 
ideas  presented  from  the  view  point  of  an  ordinary  human  being. 
May  we  hope  that  they  will  think  before  they  condemn. 


THOUGHTS  OUT  OF  PLACE 

By  the  Editor 

EDUCATION  FOR  A  LIFE  OR  FOR  A  LIVING? 

Poets  often  write  verses  on  the  two  souls  in  man,  the  sensuous 
and  the  psychical,  the  one  in  continual  conflict  with  the  other. 
Corresponding  to  these  two  antagonistic  souls  or  conflicting  im- 
pulses there  are  two  types  of  success  the  one  spelled  $ucce$$ 
which  provides  a  good  living  for  the  victor,  while  the  other  brings 
no  physical  comforts  or  delights  but  wealth  of  mind.  Serenity, 
dignity,  and  composure  mark  the  victor.  Not  power  so  much 
over  others  as  power  over  oneself,  not  strength  to  coerce  but 
strength  to  persuade,  not  external  grandeur  but  internal  splendor 
are  the  fruits  of  victory  to  him  who  makes  a  success  of  life. 
Education  for  a  life  should  be  our  quest  at  college. 

What  constitutes  life?  We  will  say  variety  of  experience  and 
depth  of  feeling  whether  of  pain  or  pleasure,  delight  or  depres- 
sion, and  the  products  of  a  divine  call  to  create  and  to  rise  certify 
to  a  full  life.  An  expression  of  the  feeling  in  art  for  the  quick- 
ening of  aspiring  souls ;  a  comprehensive  generalization  or  law 
of  science  to  quench  the  thirst  for  knowledge  of  those  who  wish 
to  know  causes  and  to  trace  the  harmony  in  nature ;  a  bridge,  a 
canal,  a  locomotive  to  facilitate  exchange  remain  as  results  to 
crown  such  a  life. 

Unfortunately,  few  such  results  follow  the  quest  for  wealth 
only.  Nor  does  a  rich  man  often  appreciate  the  real  feelings 
that  bring  forth  these  results.  The  commanding  financier  may 
own  vast  halls  of  art,  but  he  seldom  experiences  the  depth  of 
feeling  which  existed  in  the  hearts  of  the  sculptors  and  painters 
who  wrought  the  works  on  exhibition  there.  The  humble  poet  or 
painter  entering  the  halls  receives  the  messages  that  the  paintings 
and  statues  convey.  He  really  owns  the  picture  or  the  statue  be- 
cause the  essence  of  the  work  is  his.  He  it  is  who  is  thrilled  with 
inspiration  by  a  magnificent  Apollo  or  moved  to  compassion  by  a 
groping  Blind  Flower  Girl.  The  materialistic  owner  may  claim 
the  canvas  and  the  paint  upon  it  and  the  marble,  but  unless  he  is 
capable  of  receiving  the  feelings  of  the  artist,  the  painting  or  the 
statue  is  not  his.     Not  to  own  but  to  enjoy  should  be  our  aim. 

Culture,  as  much  if  not  more  than  training  for  a  living  only, 
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shoiil.i  U-  Vnir  quest  at  college.  We  owe  it  to  ourselves.  This 
(l«)cs  not  mean  that  we  shall  become  effeminate  dilettantes.  There 
is  nothing  effeminate  in  the  man  who  lives  completely.  Refine- 
ment in  place  of  coarse  and  cold  might  does  not  signify  weakness. 
Wealth  and  variety  of  experience,  a  broad  and  sympathetic  appre- 
ciation of  the  problems  of  human  life  denote  manhood  of  a  lof- 
tier tvpe  tlun  that  exhibited  by  the  greedy  ambitious  aspirant  for 
worldly  rank. 

Here  at  the  University  the  opportunity  for  the  development  of 
a  deejwr  appreciation  of  the  fundamental  in  life,  the  beautiful 
and  true  is  open  to  us.  Even  as  engineers  we  are  not  excluded 
from  this  sacred  privilege.  There  are  many  Sunday  afternoons, 
many  hours  between  classes  that  can  be  spent  in  quiet  librar>^ 
comers.  A  consideration  of  every  action  with  the  question,  "Is 
it  worth  while?"  will  reveal  hours  uselessly  spent  in  idle  talk,  card 
playing,  or  at  vaudeville  performances.  The  busiest  man  is  us- 
ually he  who  has  most  spare  moments  for  reading.  We  are  not 
Ijeyond  Poor  Richard's  maxims.  "Be  ashamed  to  catch  thyself 
idle"  may  be  looked  upon  with  a  haughty  superior  air  as  applic- 
able to  grammar  school  children,  but  a  neglect  of  its  dictum  will 
track  us  down  as  well  as  them.  Every  day  has  twenty-four 
hours  of  which  one-fourth  of  one  hour  daily  applied  to  a  search 
for  the  true  anrl  beautiful  scattered  as  gems  throughout  the  world 
of  goixl  literature  will  add  a  wealth  to  life  that  cannot  be  pur- 
chased by  money  or  rank.  Association  with  great  minds  is  per- 
vasive in  its  efforts,  permeating  us  with  great  thoughts.  A  yearn- 
ing to  rise  to  their  level  grasps  us  and  any  spark  of  greatness 
that  may  be  in  us  is  fanned  until  it  glows.  Time  spent  with  them 
is  time  spent  to  the  best  advantage. 

To  live  as  the  great  men  have  lived,  the  authors,  scientists,  and 
engineers  should  W  our  aim.  To  aid  in  the  adjustment  of  an 
evcrchanging  society,  to  study  its  problems  and  to  charge  with  the 
reformer  into  the  thick  of  injustice  is  a  worthy  ideal.  To  feel  as 
the  |x)ct  and  to  l>e  able  to  rejoice  in  his  visions,  to  think  as  the 
philf>s<.|)hcr  and  to  be  able  to  travel  with  him  in  his  journeys  of 
the  intellect  are  powers  that  can  be  cultivated  at  college.  To  the 
degree  that  we  partici|)atc  in  these  activities  do  we  really  live. 
KducatifHi  that  guides  to  such  a  life  is  true  education. 
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LOYALTY 

Like  the  word  efficiency  in  the  magazines  and  newspapers,  on 
the  campus  there  is  no  word  heard  oftener  and  used  with  less 
thought  than  loyalty.  W^hat  does  it  mean?  Perhaps  most  stu- 
dents will  give  their  assent  to  the  meaning  expressed  in  the  song 
so  dear  to  the  heart  of  all  Illini,  Loyalty.  "We'll  back  you  to 
stand "  You  refers  to  the  team.  By  some  marvel- 
ous feat  of  mental  gymnastics  quite  beyond  the  power  of  the  or- 
dinary reflective  mind,  team  and  university  arc  sometimes  identi- 
fied, but  the  minds  of  these  performers  can  seldom  be  approached 
and  no  attempt  to  do  so  will  be  made  here.  The  honest  interpre- 
tation of  loyalty  to  the  team  as  a  team  will  be  adhered  to. 

No  attempt  will  be  made  to  disparage  this  kind  of  loyalty. 
Nor  is  the  purpose  here  to  discuss  the  evils  of  intercollegiate  ath- 
letics. The  only  question  to  be  raised  is.  How  shall  we  be  loyal 
to  our  alma  mater  as  an  institution  of  learning? 

Many  persons  answer  this  question  by  saying  that  there  is  noth- 
ing that  advertises  a  university  so  extensively  and  so  effectively  as 
a  successful  team.  Even  a  star  player  on  a  team  or  a  track  man 
is  more  efficacious  in  drawing  men  to  a  school  than  expensive 
advertisements  in  educational  magazines,  especially  so  since  this 
person  is  brought  before  the  young  men  who  are  possible  candi- 
dates for  the  privileges  of  a  university  education.  Through  the 
daily  papers  this  man's  name  and  the  name  of  the  institution 
which  he  attends  and  honors  reach  just  the  men  who  are  planning 
a  college  career.  Even  the  Post  or  magazines  of  its  kind  count 
as  readers  only  a  fraction  of  the  people  who  read  the  sporting 
columns  of  the  newspaper.  No  one  can  dispute  the  validity  of 
these  assertions.  The  arguments  seem  strong  in  favor  of  the  se- 
verely censured  athletics.  There  is  only  one  conclusion,  everyone 
has  long  ago  seen  it,  intercollegiate  athletics  should  be  encouraged 
and  every  effort  applied  to  stimulate  interest  in  it  and  to  help  in 
bringing  here  men  who  promise  to  become  good  athletes.  This 
is  loyalty.  Cheer  the  men  on  the  field,  shout  for  the  track  man  as 
he  passes  by  you,  help  the  hero  in  his  class  work,  pay  your  seven 
dollars,  and  you  are  doing  your  alma  mater  a  great  service.  Do 
all  this,  and  you  are  loyal  not  only  to  your  team,  but  through  it 
to  your  school. 

Loyalty  as  seen  by  these  same  persons  does  not  stop  when  the 
four  years  are  over.     There  are  many  home-comings  and  class 
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reunions  in  \vhich  it  may  exercise  its  wholesome  influence  long 
after  graduation.  An  lllini  Club  can  often  direct  a  student  athr 
Icte  to  the  alma  mater  from  which  it  derives  its  name.  There  is 
no  excuse  for  any  man,  the  opix^rtunities  for  service  are  so  mani- 
fold that  every  man  can  at  some  time  or  other  promote  the  in- 
terests of  the  school  from  wliich  he  received  so  much.  Your 
presence  on  the  grand  stand  only  once  a  year  has  its  efTect  and 
will  be  appreciated.     It  shows  the  proper  spirit. 

As  an  alumnus  of  wealth,  you  can  do  vastly  more.  A  building 
erected  at  your  expense,  or  a  fund  donated  toward  the  erection  of 
a  building  such  as  a  library  or  a  museum  shows  loyalty  on  a  much 
grander  scale.     It  stands  as  a  monument  to  your  fidelity. 

In  outline  this  is  the  ethics  of  college  loyalty.  Again,  as  with 
many  systems  of  ethics,  it  does  not  go  far  enough.  We  should 
ask :  .Are  the  men  who  read  the  sporting  columns  most  conscien- 
tiously exactly  the  most  desirable?  Does  the  advertising  reach 
the  worthiest?  If  so,  who  are  the  worthiest?  Further,  are  the 
time  and  effort  applied  to  promoting  the  success  of  the  team  war- 
ranted by  the  results?  In  a  word,  what,  after  all,  is  the  purpose 
of  a  university  ?  The  last  question  must  be  answered  in  order  to 
arrive  at  a  conclusion  to  the  problem  of  loyalty. 

The  ideal  upheld  by  many  institutions,  which  the  founder  of 
Cornell  defined  as  a  jjlace  where  any  man  may  obtain  instruction 
in  any  subject  must  fall.  The  university  cannot  afford  to  be  a 
great  melting  j>ot  in  which  a  little  gold  is  mixed  with  much  lead 
to  produce  a  valueless  alloy.  The  gold  should  not  be  contami- 
nated with  the  baser  metals.  The  university  should  provide  facil- 
ities and  stimulations  for  those  only  who  are  properly  qualified. 
If  democracy  must  have  cducatitm  for  all,  then  separate  the  wheat 
from  the  chatY.  the  gold  from  the  lead,  and  let  us  put  an  end  to 
adulteration.  The  properly  qualified  constitute,  to  be  sure,  only 
a  small  minority  of  all  who  long  for  that  distinction  "a  college 
education."  To  seek  for  these  few  and  to  direct  them  to  your 
alma  mater  is  an  expression  of  loyalty.  These  individuals  may 
l)c  interested  in  sjx>rt.  even  in  intercollegiate  athletics,  certainly 
in  personal  athletics,  but  their  interest  concerns  itself  primarily 
with  the  legitimate  function  of  the  university,  preparation  for  the 
world's  work.  F.ducation  for  all  must  be  restricted  to  education 
for  those  who  are  capable  of  receiving  and  applying  it. 

Usually  such  jwrsons  are  not  of  the  si)orting  column  species. 
'I  heir  enthusiasm  expends  itself  in  production  of  the  necessary 
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■or  desirable  and  destruction  of  the  useless  or  harmful.  Con- 
scientious and  well  directed  efforts  mark  their  actions.  An  ear- 
nest determination  to  think  and  then  to  do  distinguishes  them. 
To  train  such  men  brings  profit  to  the  state's  investment.  They 
should  be  relieved  from  the  parasite  who  is  so  easily  attracted  here 
•and  so  cordially  invited  by  the  sporting  column  of  the  newspaper. 
If  the  purpose  of  the  university  be  to  provide  the  means  for 
the  developmeni  of  the  properly  qualified,  then  a  return  to  the 
university  in  achievements  constitutes  the  obligation  of  those 
qualified  to  their  alma  mater.  To  write,  to  build,  to  discover, 
to  produce,  and  sometimes  to  undermine,  bring  honor  upon  a 
university.  The  team  is  not  the  university.  No  amount  of 
yelling,  no  "seeing  the  team  off,"  no  loud  mass  meetings,  no 
sacrifice  on  the  part  of  an  alumnus  to  attend  a  game  ever  wrote 
a  word  in  a  work  of  literature,  laid  a  stone  on  the  walls  of  a  new 
building,  discovered  a  law  of  physics,  or  helped  to  grow  two 
blades  where  only  one  grew  before.  Why  make  pitiful  appeals 
to  alumni  for  donations  toward  laboratories,  libraries,  or  muse- 
ums when  there  are  no  scientists  to  perform  investigations  not 
even  embryo  scientists,  book  lovers  to  read,  or  students  seeking 
information?  Why  import  philosophers  from  Germany  to  de- 
liver lectures  before  empty  seats?  Loyalty  consists  in  using  to 
the  fullest  extent  the  material  supplied  and  in  taking  advantage 
of  the  opportunities  for  development  offered,  or  if  the  interest  is 
lacking,  of  leaving  the  university.  Earnest  application  to  study 
which  is  preparation  for  achievement  is  the  undergraduate's  first 
duty.  Let  loyalty  flow  into  this  channel  and  we  shall  cease  vex- 
ing college  presidents,  and  much  censure  will  be  diverted  upon 
other  institutions  where  it  will  be  of  service. 


THE  HOUR  BET\A^EEN 

Character  has  been  said  to  be  what  a  man  is  in  the  dark.  The 
Hour  Between  is  an  hour  in  the  dark.  Not  what  a  man  does  in 
class  or  for  class,  not  what  courses  he  takes  or  what  career  he 
is  preparing  for  determines  what  a  man  is.  What  a  man  is  is 
shown  best  by  what  he  does  during  his  spare  moments  when 
free  from  compulsion  and  relieved  of  the  drudgery  of  routine 
work.  It  is  then  that  we  do  what  we  like  to  do  because  we  like 
it.  and  reveal  what  we  care  for  more  than  anything  else.     Wheth- 
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cr  \vc  plav  cards  or  read  Plato,  attend  vaudeville  or  study  the 
electron  theory,  the  conclusion  is  always:  this  is  what  we  pre- 
fer to  do.  As  our  choice  is  unhampered  by  any  external  forces 
our  actions  are  an  indication  of  our  ideals.  They  show  what  we 
aim  to  live  for, 

.•\  famous  scientist  in  judging  the  merits  of  a  candidate  for  a 
research  scholarship  made  a  special  point  of  finding  out  what 
the  iwrson  did  inde|)endent  of  the  dictations  of  his  teachers.  He 
paid  more  attention  to  the  interest  a  man  took  in  the  subject 
under  consideration  by  doing  things  that  were  not  required  than 
be  did  to  the  individual's  scholastic  records.  The  student  who 
reads  the  technical  journal  not  because  he  was  told  to  do  so  by 
his  instructor  but  because  he  wants  to  know  what  advancements 
are  being  made  in  engineering  shows  a  quality  of  the  true  engi- 
neer. The  agricultural  student  who  reads  Milton  because  he 
finds  i)lcasure  in  reading  has  a  better  appreciation  of  literature 
than  the  L.  and  A.  student  who  reads  the  same  author  under 
instruction.  The  science  student  who  does  nothing  beyond  that 
demanded  by  his  professors  and  spends  his  leisure  moments  in 
frivolous  amusement  is  not  a  scientist  nor  will  he  ever  be  one. 
The  person  who  goes  to  church  not  because  convention  requires 
it,  but  because  he  has  a  craving  for  an  hour  of  spiritual  rest  and 
inspiration  is  truly  religious. 

The  Hour  Between  is  the  golden  hour,  the  soothsayer  and  the 
confessor  of  our  lives.  It  whispers  an  unmistakable  warning  or 
chants  a  hymn  of  victory.  It  is  infallible  in  its  verdicts.  There 
is  no  higher  court  of  appeals,  its  decision  is  final.  You  are,  have 
l)een.  and  will  be  what  it  indicates. 


The  spirit  of  moving  on  is  the  spirit  of  progression,  the  spirit 
of  optimistic  dissatisfaction.  It  is  necessary  to  cultivate  rest- 
lessness in  order  to  have  a  moving  spirit.  The  fault  and  the  fate 
of  the  rolling  stone  is  not  so  much  because  it  rolls  as  it  is  that  it 
usually  rolls  dnwn  bill.  Wbcn  you  move  be  sure  of  your  di- 
rection. 

Wai.ti-r  C.   Krrr. 


DEPARTMENT  NOTES 

E.  E.  SOCIETY 

The  last  meeting  of  the  E.  E.  society  before  Thanksgiving  was 
held  the  evening  of  October  30,  1913.  At  this  meeting  the  ques- 
tion of  a  partial  affiliation  of  the  E.  E.  Society  with  the  local 
branch  of  the  A.  I.  E.  E.  was  discussed.  As  the  motion  was 
finally  worded,  this  affiliation  was  in  no  way  to  change  the  or- 
ganization of  either  society  but  merely  to  bring  about  a  union  in 
their  meetings,  thus  giving  both  societies  the  benefits  that  might 
be  derived  from  the  various  speakers.  After  considerable  dis- 
cussion the  motion  was  amended  to  the  effect  that  the  affiliation 
should  only  be  binding  for  one  year.  It  was  then  almost  unani- 
mously passed.  At  present  the  A.  I.  E.  E,  has  not  taken  any  ac- 
tion on  the  matter  but  will  probably  do  so  in  the  near  future. 
The  speaker  of  the  evening  was  "Doc."  Matthews.  His  subject 
might  well  be  broken  up  into  two  parts ;  first,  "The  Derivation 
of  the  Constant  for  Stress  Effect,"  and  second,  "Peculiar  Cus- 
toms I  noticed  among  the  Europeans."  As  the  first  subject 
would  indicate,  it  delved  rather  deeply  into  the  mathematical 
realm,  but  the  many  intelligent  questions  which  were  asked 
showed  that  his  audience  was  always  following  the  speaker. 
The  second  half  of  his  address  was  both  interesting  and  in- 
structive ;  only  lack  of  space  prevents  further  discussion  of  it 
here. 

The  speaker  for  the  meeting  held  December  5,  was  L.  W. 
Faulkner.  His  subject  "Propagation  of  Electric  Waves  and  their 
use  in  Wireless  Telegraphy"  was  rather  deep,  but  bright  ques- 
tions such  as,  "If  you  didn't  use  wire  in  your  wireless  antennae, 
what  could  you  use?"  served  to  amuse  those  who  did  not  choose 
to  follow  him  through  his  mathematical  calculation. 

No  business  was  taken  up  at  the  meeting  held  December  18, 
but  the  address  delivered  by  J.  H.  Miller,  more  than  made  up 
for  the  lack  of  business  items.  He  talked  on  "Gas  Power"  and 
illustrated  his  lecture  by  a  large  number  of  lantern  slides.  Ac- 
cording to  the  data  he  had  at  hand,  gas  is  the  cheapest  source 
of  power  obtainable  for  plants  designed  to  generate  less  than  two 
thousand  horse-power. 

The  E.  E.  Society  picture  was  taken  at  noon  on  Wednesday, 


oo  The  Technograph 

December  ib.     As  usual  the  Library  entrance  formed  the  back- 
ground and  photographer  Strauch  did  the  "shooting." 

Two  of  the  new  nitrogen  filled  incandescent  lamps  have  been 
on  exhibition  in  the  business  section  of  Urbana.  These  lamps 
have  a  higher  efficiency  even  than  the  old  style  tungsten  lamps 
and  at  the  same  time  are  not  much  more  expensive. 

On  the  first  of  December,  Mr.  F.  C.  Loring  left  his  position 
on  the  E.  E.  faculty  and  is  now  working  for  the  American  Ele- 
mentary Electric  Co.  of  Washington,  D.  C.  His  office  for  the 
present  will  be  located  in  Champaign. 

E.  A.  James. 


CIVIL  engineers'  club 

The  student  program  feature  has  come  to  take  a  prominent 
place  in  the  meetings  of  the  Club.  Some  of  the  papers  deal  with 
the  personal  engineering  experiences  of  the  writers,  others  have 
been  written  up  after  study  of  engineering  papers,  etc.  Follow- 
ing are  some  of  the  papers  presented : 

"The  Use  of  the  Divining  Rod  for  Detecting  Underground 
Water"  by  V.  T.  Rcilly,  '14. 

••(."hicago  Track  Elevation"  by  C.   H.  Thompson,  '14. 

"Double  Tracking  and  Raising  a  1000  ft.  Bridge  Under  Traffic" 
Lantern  Slides.     15y  E.  ]\L  Lurie,  '14. 

"ProjH>rtinning  Ciravel  Concrete"  by  F.  T.  Sheets,  '14. 

"A  Journal  of  John's  Journey"  by  J.  E.  Lewis,  '14. 

"Mountain  Railroad  Location"  by  W.  M.  Bonham,  '16. 

"Tile  liridge  Construction"  by  W.  11.  Boyer.  '14. 

Papers  by  J.  j.  Woltman.  '14,  D.  M.  Riff,  '14,  C.  L  Burggraf, 
'14.  and  others  will  be  presented  shortly. 

Student  talks  have  been  interspersed  with  a  number  of  lec- 
tures by  i)n»minent  engineers  as  follows: 

On  November  7,  Mr.  T.  L.  Condron,  C.  E.  of  Chicago,  came 
all  the  way  from  Detroit  to  present  "Architectural  Engineering 
and  the  Status  of  the  ICngineer".  Some  unique  designs  in  can- 
tilever floors  and  the  various  problems  of  reinforced  concrete 
mill-building  design  were  carefully  ixiilaiiud  and  ilhistrated  by 
means  of  lantern  slides. 

On  December  5.  Mr.  C.  11.  ieltl.elts,  '«)9.  r.ridjj^c  I'-Ui^inoer  of 
the  Kansas  City  Terminal  Railway,  gave  a  very  instructive  talk 
on  the  work  of  constructing  the  Terminal.     The  lecture  showed 
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what  could  be  done  by  a   far-sighted  engineer  and  designer  in 
making  the  structure  not  only  useful  but  also  artistic. 

What  promises  to  be  not  only  an  interesting  talk  but  a  useful 
one  as  well,  will  be  given  Friday,  February  27,  by  Mr.  J.  H. 
Prior,  Engineer  of  Design  of  the  Chicago,  Milwaukee  and  St. 
Paul  Railroad  System,  on  "How  to  Get  Your  First  Job  and  Your 
Second  One." 

The  C.  E.  Club  now  has  a  membership  of  102,  and  is  still  grow- 
ing. A  decided  impetus  has  been  given  the  Club,  through  the 
securing  of  a  new  C.  E.  reading  room.  A  petition  for  a  new 
room  was  started  last  May  and  its  consummation  came  in  No- 
vember. All  that  is  needed  now,  is  a  nice  rug  and  a  few  loung- 
ing chairs.  The  room  is  well  filled  at  all  times,  and  the  fellows 
are  putting  their  spare  time  to  good  use  by  perusing  the  depart- 
ment periodicals. 

A  start  has  been  made  on  a  C.  E.  Club  data  handbook,  the 
loose-leaf  sheets  of  which  will  be  furnished  to  the  members  at 
the  cost  of  blue-printing. 

E.  M.  LuRiE,  '14. 


M.    E.    SOCIETY 

At  the  meeting  of  the  A.  S.  M.  E.  held  November  7,  Mr.  Bene- 
dict gave  an  illustrated  talk  on  Facilities  for  Handling  Work. 
President  Aagaard  urged  any  of  those  present  who  were  not 
members  to  join  at  the  close  of  the  meeting. 

On  December  12,  Professor  Harding  talked  to  the  A.  S.  M.  E. 
on  the  topic.  Linoleum  Plants,  Operation  and  Design.  Although 
he  had  never  been  in  a  linoleum  plant  before  he  was  given  the 
task  of  designing  one,  he  evidently  accomplished  the  feat  very 
satisfactorily.  He  started  with  the  proper  selection  of  the  loca- 
tion of  the  plant  and  carried  it  on  through  the  construction  of 
the  buildings  and  the  actual  operation  of  the  plant.  Numerous 
views  of  the  machines  used,  some  of  which  he  had  to  design,  were 
shown.  The  plant  when  completed  cost  $2,000,000  and  covered 
an  area  of  19  acres. 

H.  E.  Austin,  '15. 


RAILWAY    CLUB 

At  the  second  meeting  of  the  Railway  Club,  on  October  17, 
Mr.  A.  F.  Comstock  of  the  Railway  C.  E.  Department  gave  a 
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talk  or.  i^ailway  Signalling.  The  speaker  opened  the  topic 
with  a  brief  history  of  signalling,  in  which  he  mentioned 
some  of  the  crude  forms  of  signals  which  were  first  used 
on  American  railroads.  The  first  signal  consisted  of  a 
white  and  a  black  ball  mounted  on  a  mast.  The  white  ball  when 
raised  indicating  "clear"  and  the  black  ball  "danger".  The  next 
signalling  system  to  be  used  was  the  telegraph,  which  was  first 
installed  on  the  N.  Y.  C.  R.  R.  to  control  the  movement  of  its 
trains.  The  disadvantage  of  the  telegraph  dispatch  system  was 
that  after  a  train  had  left  a  station,  on  a  single  track  road,  the 
opjxjsing  train  would  have  to  wait  at  the  ne.xt  side  track  until 
the  first  train  passed  by,  no  matter  how  long  the  delay.  The 
telegraph  was  soon  superseded  by  the  "banjo"  signal.  This  sig- 
nal consisted  of  a  colored  disk  which  swung  inside  the  banjo-box, 
in  front  of  a  circular  opening.  Although  this  signal  was  the  best 
at  the  time  of  its  installation,  it  had  a  great  many  disadvantages 
among  which  the  most  important  were ;  the  signal  was  small  and 
difficult  to  see,  also  that  the  color-system  was  used. 

These  faults  of  the  banjo  signal  led  to  the  invention  and  in- 
stallation of  the  lower  and  upper  quadrant  signal.  The  quadrant 
signal  consists  of  an  ami  moving  in  a  vertical  plane  through  one 
quadrant  of  a  circle.  The  horizontal  position  of  the  arm  mean- 
ing "stop;  danger"  and  the  vertical  position  "proceed;  track 
clear."  The  upper  quadrant  signal  has  begun  to  displace  the 
lower  quadrant  instrument  owing  to  the  fact  that  if  the  former 
gets  out  of  order,  or  becomes  overweighted  with  sleet,  it  will 
drop,  by  its  own  weight,  to  the  danger  position ;  while  the  latter 
will  drop  to  the  clear  position,  under  the  same  conditions. 

The  speaker  finished  the  talk  by  showing  illustrated  views  of 
the  various  tyjK'S  of  signals. 

On  the  evening  of  October  31,  Prof.  A.  M.  Buck,  of  the  Rail- 
way E.  E.  Department,  gave  a  very  interesting  description  of  the 
Features  of  Electric  Traction.  In  this  discussion  the  speaker 
|X)inte<l  out  tht-  many  advantages  which  arise  from  the  use  of 
electricity  instead  of  steam  on  railroads.  Among  the  features 
mentioned  were,  the  use  of  an  efficient  central  power  plant  to 
generate  ix»wer  instead  of  the  many,  small,  wasteful  plants  which 
<lraw  the  steam  trains;  the  cleanliness  of  the  electric  system  also 
(fives  it  a  decided  advantage  over  the  other  road,  especially  in 
passenger  travel. 
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The  next  meeting  was  held  on  Friday,  November  21.  The 
speaker  of  the  evening  was  J.  A.  Wilson,  '14,  and  the  topic  dis- 
cussed was  Locomotives,  American  and  Foreign,  With  the  aid 
of  many  illustrations  the  speaker  showed  the  peculiarities  of  the 
foreign  locomotives  as  compared  with  our  own.  The  absence 
of  headlights  and  the  use  of  an  abbreviated  engine  cab,  together 
with  the  location  of  the  cylinders  inside  the  wheels,  were  some  of 
the  interesting  features  mentioned  in  the  talk.  By  an  actual 
comparison  of  schedules  it  was  shown  that  the  speed  of  Amer- 
ican passenger  trains  is  greater  than  European  trains.  In  fact 
there  are  only  a  few  continental  trains  that  have  a  schedule  speed 
which  can  be  compared  with  that  of  our  famous  eastern  trains. 
The  talk  was  closed  with  a  brief  description  of  some  of  the  Ger- 
man high-speed  electric  train  tests,  in  which  a  speed  of  130  miles 
per  hour  was  reached. 

On  December  5,  Mr.  R.  B.  Keller  of  the  Railway  M.  E.  De- 
partment, gave  a  talk  on  latest  developments  of  the  Safety 
First  Movement.  The  growth  of  this  movement,  since  its  foun- 
dation in  191 1,  has  been  phenomenal.  At  first  the  railroads 
feared  to  make  public  the  number  of  casualities  that  had  occurred 
on  their  roads.  However,  the  success  of  this  educational  move- 
ment on  the  Chicago  and  Northwestern  R.  R.,  proved  to  the 
American  railroad  owners  that  it  was  not  only  practical,  but  that 
it  was  a  money  saver.  The  protection  of  machinery,  the  distri- 
bution and  posting  of  bulletins,  together  with  the  use  of  illustrated 
lectures  has  served  to  decrease  the  number  of  railway  accidents 
from  twenty  to  fifty  per  cent.  The  value  of  this  movement  be- 
comes apparent  when  one  considers  that  over  eighty-five  per  cent 
of  the  people  killed  annually  on  railroads  are  employees,  and  that 
sixty  per  cent  of  these  accidents  occur  when  the  men  are  not  on 
duty. 

The  industrial  world  has  followed  closely  in  the  footsteps  of 
the  railroads  until,  at  the  present  time,  every  manufacturing 
plant  of  any  size  has  a  force  of  men  whose  duty  it  is  to  protect 
their  fellow  workers  from  all  possible  injury. 

J.  M.  Fetherston,  '14. 


Railway  Department  Notes 
Professor  E.  C.   Schmidt,  head  of  the  Railway  Department, 
has  been  in  Washington,  D.  C,  serving  as  an  examiner  on  the 
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Civil  Service  Lominission  for  candidates   for  the   l^oard  on  the 
\'aluation  of  Railways. 

Trofessor  A.  M.  Buck  has  been  appointed  a  member  of  th# 
Committee  on  E<lucation  of  the  National  Electric  Railway  Asso- 
ciation. 

Illinois-Central  Locomotive  958  is  still  in  the  Locomotive  Test- 
ing laboratory  and  tests  are  being  run  every  day.  These  tests 
arc  to  show  the  performance  of  the  locomotive  under  various 
conditions  and  positions  of  the  throttle  and  reverse  lever. 

E.  M.  Krabbe,  '14. 


Mining  Department 
The  Danville  Bulletin  of  the  Illinois  Coal  Mining  Investiga- 
tions is  now  in  the  hands  of  the  printer.  It  is  the  first  of  a  series 
of  reports  which  will  include  a  complete  study  of  the  conditions 
under  which  coal  is  mined  in  this  state.  The  State  was  divided 
into  nine  districts  for  the  purpose  of  investigation  and  the  re- 
sults which  have  been  obtained  in  each  district  by  the  geologists, 
engineers,  and  chemists  will  be  published  from  time  to  time. 
These  bulletins  including  reports  on  special  subjects  and  sum- 
maries for  the  entire  State  will  supply  much  new  and  compre- 
hensive information  concerning  the  mining  of  Illinois  coals. 


Mr.  R.  Y.  Williams  formerly  of  *he  U.  S.  Bureau  of  Mines  has 
been  api)ointed  Director  of  the  Illinois  Miners*  and  Mechanics' 
Institute  which  was  provided  for,-, by  the  following  act  of  the 
State  Legislature:  ,}. 

"An  Act  to  prevent  accidents  jin  mines  and  other  industrial 
plants  and  to  conser\e  the  resources  of  the  State  by  the  estab- 
lishment of  the  Illinois  Miners'  and  Mechanics'  Institutes  and 
for  the  adniinistr^ition  and  support  of  the  same. 

"Section  i.  Be  it  enacted  by  tlie  People  of  the  State  of  Illi- 
nois represented  in  the  General  Assembly:  That  in  order  to 
prevent  accidents  in  mines  and  other  industrial  plants  and  to^ 
consene  the  resources  of  the  State  by  the  education  and  training 
f)f  alt  classes  of  woi'.crs  in  and  about  the  mines  and  other  indus- 
trial plants  of  the  Stat**  there  shall  be  established  and  maintained 
a  form  of  educational  i«etterment  work,  which  shall  be  known  as 
the  Illinois  Miners'  an     'Techanics'  Institutes. 
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"That  it  shall  be  the  purpose  of  such  Illinois  Miners'  and 
Mechanics'  Institutes  to  promote  the  technical  efficiency  of  all 
persons  working-  in  and  about  the  mines  and  other  industrial  plants 
of  the  State  and  to  assist  them  to  better  overcome  the  increasing 
difficulties  of  mining  and  other  industrial  employments.  In  the 
development  of  this  purpose,  any  and  all  means  may  be  employed 
which  promise  to  give  desired  results  such  as  bulletins,  traveling 
libraries,  lectures,  correspondence  work,  classes  for  systematic 
instruction,  or  meetings  for  the  reading  and  discussion  of  papers." 

Formerly  two  to  three  lives  have  been  lost  annually  for  every 
1,000  miners  employed  and  the  number  of  serious  injuries  has 
been  much  greater.  The  Illinois  Miners'  and  Mechanics'  Insti- 
tutes will  do  much  to  reduce  this  high  accident  rate.  Thirty 
thousand  dollars  was  appropriated  for  this  work  which  began 
January  first,  under  the  supervision  of  the  Mining  Department  of 
the  University. 


Mr.  K.  D.  White  who  was  formerly  with  the  State  Geological 
Survey  has  recently  returned  from  Venezuela,  South  America, 
where  he  has  been  prospecting  and  locating  petroleum  fields  for 
the  Barber  Asphalt  Company. 

S.  T.  Wallace,  '15. 


The  true  purpose  and  valu^  of  engineering  activity  lie  in  pro- 
viding better  and  easier  wz  s  for  satisfying  ordinary  human 
needs.  This  provides  more  le  >ure  and  opens  new  possibilities  for 
a  higher  spiritual  and  intellec^^  tal  development  of  humanity. 

Vladimir  Karapetoff. 
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THE   STATUS   OF  RAILWAY  ELECTRIFICATION 

BY  A.  MORRIS  BUCK 
Asst.  Professor  of  Raiki'ay  Electrical  Eiu/iiieeritu/ 

It  is  nearly  twenty  years  since  electric  power  was  first  applied 
to  the  operation  of  railway  trains  under  trvuik  line  conditions. 
The  unquestioned  success  of  this  enterprise  led  many  people  to 
believe  that  a  general  adoption  of  electricity  would  soon  follow, 
and  that  the  steam  locomotive  would  be  replaced  by  the  electric 
motor.  To  some  it  is  a  matter  of  surprise  that  this  prediction 
has  not  been  fulfilled.  At  the  present  time  it  is  well  known  that 
electrical  equipment  can  be  designed  to  operate  better  and  more 
efficiently  than  the  corresponding  steam  equipment ;  but  the  rail- 
ways have  been  exceedingly  slow  to  consider  the  use  of  such 
apparatus.  That  there  must  be  some  reason  for  this  attitude 
of  railway  officials  is  evident;  but  the  reasons  are  not  at  all 
apparent  to  the  casual  observer.  It  is  interesting  to  investigate 
the  situation,  and  to  determine  whether  the  viewpoint  of  the 
railway  man  is  justifiable. 

The  purpose  of  any  common  carrier  is  to  transport  passengers 
or  freight  from  point  to  point  with  a  maximum  of  safety,  of 
speed,  and  in  the  case  of  passenger  traffic,  of  comfort.  For  many 
years  the  steam  locomotive  has  furnished  a  means  of  accom- 
plishing all  these  things  with  a  reasonable  degree  of  satisfaction. 
The  steam  locomotive  has  characteristics  which  are  excellent  for 
heavy  railway  service.  It  is  unique  among  motive  powers  in 
that  it  comprises  in  itself  a  complete  power  plant.  The  power 
of  a  locomotive  is  dependent  on  two  principal  factors :  the  capaci- 
ty of  the  boiler  for  producing  steam  and  the  ability  of  the  cylinders 
to  use  the  steam  thus  produced.  At  slow  speed  the  tractive 
effort  or  draw  bar  pull  that  can  be  developed  depends  on  the 
average  pressure  of  the  steam  against  the  piston.       If  designed 
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with  cylinders  of  large  size  the  pull  may  be  further  limited 
by  the  adhesion  l>et\veen  the  driving  wheels  and  the  track. 
This  maximum  pull  may  be  developed  at  a  constant  value 
almost  independent  of  speed  so  long  as  the  boiler  is  able 
to    5.upply    steam    to    the    cylinders.       Since    the    number    of 
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SPEED.  MILES  PER  HOUR 

FIG    1      TRACTIVE  EFFORT  OF  TYPICAL  FREIGHT  LOCOMOTIVES 
I       Mallet  Articulated,  Southern  Pacific  (Steam  I 

^inlclc  Phase,  Boston  iSi  Maine  (Klectric) 
1      I'lrcct  Current.  Michisan  C'eniral  (Electric) 
I.      Mallet  Articulated,  dreat  .Northern  ISleam) 

Ihree  l'ha»e,  (^ireat  Nnnhern  (Electric) 

>ingle  Phase,  Grand  Trunk  (Electric) 

('<inM>|idaticin,  Cireal  Northern  (Steam) 

>ii.ikcs  ijt  the  piston,  and,  therefore,  the  amount  of  steam 
used,  varies  directly  with  the  speed,  a  point  must  be  reached 
where  the  Iwiler  cannot  maintain  full  pressure  against  the  in- 
creasing demand  for  steam.  To  reach  higher  speeds  a  smaller 
amount   of   steam   per   stroke   must    he   used    so    that   the   mean 
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effective  pressure  is  reduced  and  with  it  the  tractive  effort.  This 
is  accomplished  by  "notching  back"  the  reverse  lever  so  that 
steam  is  only  supplied  a  small  portion  of  the  stroke.  For  all 
speeds  above  this  limiting  value  the  work  done  by  the  locomotive 
depends  almost  entirely  on  the  capacity  of  the  boiler  for  supply- 
ing steam.  Certain  slight  variations  in  the  performance  may 
be  obtained  by  the  fireman  shoveling  a  little  more  coal  or  by  the 
engineer  conserving  the  steam  by  judicious  use  of  the  throttle 
and  reverse  lever.  Such  variations  are  of  only  small  magnitude. 
The  relation  between  tractive  effort  or  draw  bar  pull  and  speed 
for  some  typical  freight  locomotives  is  shown  in  Fig.  i,  and  for 
passenger  locomotives  in  Fig.  2. 

The  steam  locomotive  can  thus  be  seen  to  have  rather  definite 
limitations  as  regards  output.  Since  the  cylinders  depend  for 
tlieir  supply  on  a  boiler  of  limited  capacity  their  performance  is 
hampered.  In  its  turn  the  boiler  is  dependent  on  the  fire  box 
and  the  ability  of  the  fireman  to  keep  it  properly  supplied  with 
fuel.  Due  to  the  demand  for  units  of  greater  power  and  the 
necessity  of  getting  maximum  capacity  per  unit  of  weight  the 
performance  is  forced  considerably  beyond  the  most  economical 
operating  point.  That  this  is  so  may  be  noted  by  anyone  ob- 
serving the  large  quantity  of  cinders  discharged  from  the  stack. 
Tests  show  that  about  one-tenth  of  all  the  coal  fired  is  discharged 
in  this  manner.  This  waste  is  a  direct  result  of  the  necessity  for 
the  heavy  draft  used  to  burn  the  required  amount  of  coal.  In 
locomotives  working  under  load  the  draft  is  often  so  great  that 
large  particles  of  coal  are  lifted  bodily  off  the  grate  and  carried 
up  the  stack.  Burning  the  coal  in  this  manner  is  admittedly  in- 
efficient, and  the  amount  used  per  unit  of  work  done  by  the 
locomotive  is  greatly  in  excess  of  that  required  in  good  stationary 
practice.  Although  it  may  be  possible  by  special  precautions, 
or  by  the  use  of  special  high-grade  fuels,  to  reduce  the  amount 
of  smoke  produced,  it  is  in  general  impractical  to  do  so.  Since 
the  entire  power  plant,  and  with  it  a  supply  of  fuel  and  water, 
must  be  hauled  in  addition  to  the  train,  there  is  a  distinct  loss 
of  efficiency  from  that  cause. 

A  number  of  devices  to  improve  the  performance  of  the  steam 
locomotive  have  been  introduced  within  the  past  few  years.  One 
of  the  best  known  of  these  is  the  superheater,  by  means  of 
which  the  ability  of  the  steam  to  do  work  is  increased.  By  its 
use  the  capacity  of  the  locomotive  at  the  higher  speeds  may  be 
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materially   improved.       It  carries  with  it,  however,  a  need   for 
more  careful  attention  and  maintenance. 

An  interesting  development  of  the  demand  for  high-powered 
units,  is  the  Mallet  articulated  locomotive.  This  consists  of  two 
complete  sets  of  cylinders  and  driving  wheels,  upon  which  is 
mounted  a  fle.\il>le  lK)iler,  enabling  the  engine  with  its  long  wheel- 
l»ase  to  go  around  curves  of  moderate  radius.  Although  it  was 
predicted  that  the  use  of  the  Mallet  locomotive  would  solve  some 
of  the  hardest  problems  of  the  railroad,  it  is  significant  that  very 
few  engines  of  this  type  were  built  during  the  past  year.  At 
the  present  time  it  does  not  seem  that  it  will  find  a  very  extensive 
field  of  application.  In  a  number  of  the  largest  engines  the 
capacity  has  been  limited  by  the  ril)ility  of  the  fireman  to  handle 
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coal.  Several  types  of  mechanical  stokers  have  been  designed 
to  do  this  work  more  efficiently.  If  they  prove  entirely  satis- 
factory one  of  the  limitations  of  modern  locomotive  design  will 
be  removed. 

A  number  of  incidental  features  are  characteristic  of  the  oper- 
ation of  steam  locomotives.  The  ordinary  engine  run  is  from 
100  to  150  miles  long.  This  distance  has  not  been  determined 
arbitrarily,  but  represents  the  maximum  distance  which  a  loco- 
motive can  run  without  attention.  .At  the  end  of  the  run  the 
fires  must  be  drawn,  tlu-  tubes  blown  out.  and  in  case  the  water 
used  in  the  l»oiler  be  bad,  as  freiiuenliy  happens,  the  boiler  must 
\ic  washed  out.  All  the  working  parts  must  be  given  a  thorough 
inspection,  and  any  necessary  repairs  made  before  the  engine  is 
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ready  for  further  service.  Stations  for  the  supply  of  water,  and 
in  some  cases  for  coal,  must  be  located  at  convenient  points  along 
the  route.  Previous  to  being  sent  out  on  the  road  fresh  fires 
must  be  built  in  the  fire-box;  and  it  usually  must  be  made  ready 
from  an  hour  to  two  hours  before  actually  required.  A  con- 
siderable amount  of  fuel  is  wasted  in  order  to  have  the  engine 
available  for  service.  Owing  to  the  large  area  of  exposed  sur- 
face of  the  locomotive,  there  is  a  considerable  loss  due  to  radiation, 
especially  in  cold  weather.  In  some  cases  radiation  losses  are  so 
great  as  to  reduce  the  capacity  of  the  engine  in  winter  time.  Cases 
of  extreme  cold  have  been  known  to  prevent  entirely  the  operation 
of  locomotives.  Every  year  or  two  the  engine  must  be  sent  to 
the  repair  shop  for  a  thorough  overhauling.  To  do  all  these 
things  roundhouses,  shops  and  workmen  must  be  provided. 

It  is  about  the  steam  locomotive  that  the  entire  structure  of 
our  trunk  line  railroads  is  built.  An  attempt  to  use  some  other 
motive  power  may  have  results  which  cannot  be  contemplated 
merely  by  the  substitution  of  one  form  of  locomotive  for  another. 
The  benefits  to  be  derived  must  be  quite  marked  before  a  mechan- 
ism which  has  given  such  good  service  as  the  steam  locomotive 
will  be  discarded.  It  is  well,  therefore,  to  examine  the  pos- 
sibilities of  electricity  as  a  motive  power  before  attempting  to 
pass  judgment  on  its  well-established  competitor. 

The  advantages  of  electric  power  depend  primarily  on  the  ap- 
plication of  the  physical  characteristics  of  electricity  to  the  loco- 
motive. As  ordinarily  employed  it  must  be  developed  from  the 
heat  of  burning  fuel  or  from  the  energ}'  of  falling  water.  Such 
energy  is  transformed  through  suitable  apparatus  into  electric 
energy  and  as  such  is  transmitted  over  wires  to  the  motors  which 
operate  trains.  The  comparatively  simple  structure  of  the  steam 
locomotive  is  replaced  by  the  somewhat  intricate  system  neces- 
sary for  generating  and  distributing  the  electric  energy;  but  the 
separation  of  the  power  plant  from  the  locomotive  makes  possible 
a  material  simplification  of  the  latter.  By  the  use  of  this  system 
as  employed  in  modern  transportation,  a  number  of  advantages 
may  be  obtained.  These  may  be  roughly  divided  into  advantages 
of  a  physical  nature,  and  those  which  are  financial  in  character. 
Of  the  former  the  most  important  is  the  gain  in  capacity  which 
is  made  possible.  The  electric  locomotive  is  not  subject  to  the 
physical  limitations  that  hamper  the  steam  engine.  An  electric 
locomotive  consists  essentially  of  one  or  more   electric  motors 
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and  means  for  controlling  them.  The  entire  structure  may  be 
made  much  simpler  than  when  the  power  plant  has  to  be  carried 
about.  The  running  gear  can  be  so  proportioned  as  to  provide 
the  l>est  possible  support  for  the  motors.  The  weight  to  be 
carried  is  reduced  to  a  minimum,  and  the  entire  structure  can 
be  made  more  compact.  Since  the  number  of  essential  parts 
i«  much  reduced,  the  design  of  the  locomotive  can  be  consider- 
ably simplified.  On  account  of  the  greater  simplicity  the  wear 
is  less,  and  the  cost  of  maintenance  lower.  Modern  electric 
locomotives  are  so  arranged  that  two  or  more  can  be  coupled  and 
controlled  from  one  position,  so  that  a  single  driver  can  efficiently 
operate  them  as  a  single  unit.  This  is  especially  good  as  com- 
pared with  the  operation  of  two  or  more  steam  locomotives  to- 
gether. In  the  latter  case  it  is  almost  impossible  to  get  the 
machines  to  operate  exactly  together,  making  them  less  efficient 
when  handled  at  the  front  of  a  single  train.  By  having  the  elec- 
tric locomotives  subdivided  as  suggested,  it  is  possible  to  choose 
the  proper  locomotive  capacity  for  each  train.  This  obviates  the 
necessity  for  sending  out  engines  capable  of  pulling  trains  of  3000 
to  3500  tons  with  trailing  loads  of  from  1000  to  1500  tons,  as  is 
often  done  in  steam  service. 

In  Fig.  I  and  Fig.  2  are  shown  tractive  effort  curves  for  some 
representative  electric  locomotives  in  comparison  with  steam  loco- 
motives for  similar  service.  It  may  be  noted  that  all  types  of 
electric  locomotives  maintain  their  maximum  tractive  effort  up 
to  higher  speeds  than  do  the  steam  locomotives.  For  this  reason 
they  are  able  to  pull  their  maximum  loads  at  considerably  greater 
speeds  than  is  possible  with  steam  power.  The  advantage  of 
being  able  to  couple  electric  locomotives  together  may  be  seen  by 
comparing  locomotive  No.  i  (steam)  with  locomotive  No,  6 
(electric)  in  Fig.  i.  By  coupling  two  of  the  latter  together,  the 
combination  will  give  about  the  same  draw  bar  pull  (tractive 
effort )  as  the  former,  which  is  one  of  the  most  powerful  Mallet 
engines,  designed  for  heavy  mountain  service. 

In  some  cases  it  is  not  even  necessary  to  provide  locomotives 
for  electric  service.  Since  the  motive  power  equipment  is  so 
simple,  it  may  be  placed  on  the  trucks  of  the  individual  cars, 
thus  securing  a  maximum  weight  efficiency.  So  far,  this  method 
has  been  employed  only  for  passenger  service.  It  is  exceedingly 
doubtful  if  motor  car  trains  will  ever  be  used  for  the  haulage  of 
freight.       The   use   of   motor   car   trains   makes    possible   higher 
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accelerations;  and  for  passenger  train  service  may  give  better 
results  than  possible  with  locomotives.  This  is  especially  tru  • 
of  suburban  train  service. 

To  secure  these  desirable  results,  a  railroad  must  be  equipped 
with  the  complete  generating,  transmitting  and  distributing  system 
for  the  electric  current  needed  to  operate  the  trains.  In  reality, 
this  introduces  but  little  complication.  The  equipment  is  all 
standard,  being  practically  the  same  as  that  employed  for  ordinary 
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SPEED.  MILES  PER  HOUR 
TRACTIVE  EFFORT  OF  TYPICAL  PASSENGER  LOCOMOTIVES 

Direct  Current,  Pennsylvania  (Electric) 

Pacific,  New  Vork  Central  (Steam) 

Three  Phase,  Swiss  Federal  (Electric) 

Single  Phase,  New  York,  New  Haven  &  Hartford  (Electric) 

Atlantic,  Pennsylvania  (Steam) 

lighting  and  power  installations.  In  fact,  a  number  of  electric, 
railroads  own  no  power  plants,  but  purchase  power  from  the 
same  machines  that  are  supplying  electricity  for  the  operation 
of  lights  and  stationary  motors.  Modern  electric  equipment 
possesses  a  high  degree  of  reliability.  The  chance  for  trouble 
in  the  entire  system,  including  all  parts  from  the  coal  pile  to  the 
locomotive,  is  much  less  than  in  the  case  of  the  steam  locomotive 
alone.  Without  question  the  electric  system  is  more  reliable  than 
steam.     In  cases  where  roads  have  been  electrified,  the  delays 
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due  to  the  motive  power  have  been  reduced  to  not  over  one-half 
the  numl»er  and  duration  incident  to  steam  service. 

The  advantages  we  have  been  discussing  are  largely  in  the 
nature  of  increased  capacity.  It  is  to  increase  the  ability  of  a 
road  to  handle  traftic  that  electrification  has  been  adopted  in  all 
the  installations  so  far  made  in  America.  There  is  another 
reason  for  the  adoption  of  electric  power  which  will  be  of  in- 
creasing importance  as  the  ability  of  electricity  to  handle  trunk 
line  [>roblems  becomes  better  understood.  This  is  the  reduced 
cost  of  operation  which  follows  an  intelligent  application  of  elec- 
tric jKJwer.  In  order  to  be  a  financial  success,  the  installation 
must  show  operating  costs  enough  lower  to  pay  interest  on  the 
added  investment,  and  some  additional  return  to  the  stockholders 
who  have  assumed  the  risk  of  the  undertaking.  The  phy- 
sical advantages  of  electric  operation  all  tend  toward  lower  costs, 
and  in  many  cases  the  difference  will  more  than  care  for  the 
interest  on  the  investment.  The  adoption  of  electric  powder  for 
trunk  line  roads  has  in  some  cases  been  followed  by  an  increase 
in  the  gross  earnings.  The  greater  flexibility  of  the  electric  sys- 
tem makes  possible  a  better  service,  both  for  freight  and  passenger 
traffic ;  and  this  is  likely  to  increase  the  amount  of  business  hand- 
led by  the  road. 

It  must  not  be  taken  for  granted  that  every  road  can  show 
attractive  savings  by  the  adoption  of  electric  powder.  The  invest- 
ment is  considerable  in  any  case,  and  a  large  part  of  it  is  in  the 
permanent  structures,  such  as  the  power  plant  and  the  transmis- 
sion and  distribution  systems.  These  items  will  be  about  the  same 
in  initial  cost  whether  or  not  the  traffic  is  heavy.  \\'ith  heavv 
traffic  the  trains  can  be  spaced  fairly  well  throughout  the  entire 
day,  so  that  the  capacity  of  the  system  is  used  to  better  advan- 
tage. Lines  of  considerable  length,  on  which  the  traffic  is  dense, 
will,  therefore,  oflfer  the  best  opportunity  for  the  electrical  engi- 
neer. The  most  satisfactory  results  can  be  obtained  when  an 
entire  locomotive  division  can  be  converted  to  electric  operation 
at  once.  In  such  an  event  the  operation  need  be  but  slightly 
modified  for  the  electric  division.  .Steam  locomotives  released 
l»y  the  substitution  of  electric  engines  can  be  transferred  to  other 
divisions.  In  that  way  a  minimum  amount  of  investment  need 
l»c  made  at  one  time. 

Another  case  where  electrification  may  be  profitable  is  that  of 
the  tnnik  line   railway   in  mountainous    territory-    where    water 
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power  is  available,  and  where  the  cost  of  fuel  is  relatively  high. 
It  is  significant  that  one  of  the  important  transcontinental  lines 
under  such  conditions  has  already  committed  itself  to  the  im- 
mediate electrification  of  nearly  500  miles  of  main  line  track. 
No  doubt  other  roads  will  follow  if  the  results  obtained  in  this 
installation  come  up  to  the  estimates. 

Electric  operation  has  been  shown  to  be  practical,  both  from 
a  technical  and  from  a  commercial  standpoint.  The  fact  still  re- 
mains that  the  number  of  really  important  electrifications  already 
attempted  is  few.  There  seem  to  be  two  important  reasons  for 
this.  One  is  the  natural  conservatism  of  the  railroads.  While 
it  is  satisfactory  to  the  engineer  to  see  the  results  worked  out 
on  paper,  the  financier  desires  to  have  actual  working  examples 
before  he  is  willing  to  invest  his  money  in  what  seems  to  him  a 
questionable  enterprise.  No  doubt  the  success  of  one  installation 
will  make  the  second  easier;  and  the  result  is  likely  to  be  cumu- 
lative. 

The  other  important  argument  against  electrification  is  in  a 
way  paradoxical.  Due  to  the  possible  combinations  of  electric 
circuits,  there  are  at  the  present  time  three  rather  well-defined 
methods  of  distributing  electrical  energy  to  moving  trains :  the 
direct  current,  the  single-phase  alternating  current,  and  the  three- 
phase  alternating  current.  All  of  these  methods  have  been  used 
with  considerable  satisfaction  for  the  propulsion  of  hea\y  trains, 
both  in  the  United  States  and  abroad.  No  general  agreement 
has  been  reached  by  engineers  as  to  which  is  the  best  "system"  of 
the  three;  and  commercial  competition  has  still  further  clouded 
the  issue.  Each  method  has  good  points  and  bad.  Any  of  them 
can  produce  results  which  are  highly  satisfactory,  and  the  costs 
of  installation  and  of  operation  do  not  var\^  widely.  A  greater 
cooperation  among  manufacturers  would  undoubtedly  lead  to  an 
earlier  adoption  of  electric  traction  in  the  cases  where  from  care- 
ful estimate  it  would  appear  to  be  satisfacto^\^  The  field  where 
electricity  may  be  advantageously  applied  is  large,  and  will  in- 
crease with  higher  fuel  costs.  Once  the  conservatism  of  the  in- 
vestor is  overcome,  the  application  of  electric  operation  is  sure 
to  broaden,  so  that  within  the  next  fifty  years  we  may  see  many 
miles  of  trunk  lines  served  exclusively  by  electric  power. 
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In  two  previous  articles  in  The  Technograph  the  writer  has 
dealt  with  lighting  problems  along  strictly  technical  lines.  In 
the  first  of  these  articles,  the  general  subject  was  treated  in  simple 
terms  and  analogies  in  an  eflfort  to  show  what  constitutes  good 
illumination ;  in  the  second  the  use  of  the  indirect  system  was  dis- 
cussed from  the  standpoint  (A  the  i»riiioipk-s  previously  explained. 


Fig.  I.     Congress  Hotel,  Chicago  (Louis  XVI  Dining  Room). 

It  was  here  shown  that  this  system  combines  a  very  Jine  quality 
of  lighting  with  a  surprisingly  high  efficiency  or  economy,  cases 
even  Inring  cited  where,  with  similarly  satisfactory  illumination 
obtained  by  indirect  and  direct  lighting,  the  necessary  expenditure 
for  electricity  was  lower  with  the  former  system.  The  necessity  for 
high  efficiency  reflectors  and  for  a  light  ceiling  was  also  discussed. 
.\  reasonable  criticism  of  indirect  lighting  for  many  cases  has 
been  the  lifeless  appearance  of  the  fixtures.     Quality  of  illumina- 
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tion is  always  an  important  consideration  but  in  some  places  such 
as  in  homes  and  in  restaurants  more  than  good  lighting  is  desired. 
To  meet  this  demand  a  number  of  artistic  indirect  units  have  been 
developed  as  shown  in  the  photographs  accompanying  this  article, 
which  fixtures  or  containers  for  the  lamps  may  be  classified  under 
three  heads, — novel  opaque  bowls  by  construction  or  decoration, 
cove  lighting  and  luminous  fixtures. 


Fig.  2.     A  novel  adaptation  of  the  indirect  ti.xture. 

Of  the  three  classes,  the  first  two  depart  least,  in  construction 
and  results,  from  the  generally  accepted  ideas  of  indirect  light- 
ing, requiring  as  they  do  an  absolutely  hidden  light  source.  Ex- 
amples of  the  first  class  are  shown  in  the  Congress  Hotel  (Chi- 
cago) dining  room  (Fig.  i)  and  in  the  enclosed  porch  (Fig.  2), 
and  of  the  second  class  in  the  North  Chicago  Church,   (Fig.  3). 


loK 
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I'-ilhcr  the"  Long rt-s.s  lloicl  dining  room  or  the  porch  \  iew 
musl  be  seen  to  \tc  fully  appreciated.  In  the  Congress  the  wall- 
hrackets  are  for  decorative  effect  only,  the  illumination  for  the 
room  U'ing  secured  from  lamps  concealed  in  the  (jrnamental 
|H>destals.  The  reflectors  in  use  with  each  lamij  are  neces- 
sarily of  special  design  so  that  m(jst  of  the  light  rays  will  be  di- 
rected to  the  ceiling  and  then  hack  to  the  tables  and  incidentally 
!o  the  walls,  rather  than  first  to  the  walls  where  they  would 
Ik*  reflected  to  the  ceiling  and  other  walls  and  become  unavailable 
for  useful  illumination.  Any  manufacturer  of  indirect  fixtures. 
however,  is  in  jwisition  to  recommend  and  to  supply  proper  re- 
Hectors,  provided  he  is  given  the  necessary  information  relati\e 


Fig.  3.     (luinli  of  the  Xortli  Ciiicago  Hebrew  Congregation. 
(Showing  Cove  Lighting). 

to  room  dimensions,  decoration,  etc.  The  choice  in  this  case  is 
particularly  effective,  combining  with  the  general  design  of  the 
installation  to  give  the  room  the  name  of  being  one  of  the  most 
U-auti fully  illuminated  interiors  known.  The  scheme  suggests 
numerous  iK»ssibilities  surh  as  the  extension  of  newel  posts,  book 
cases,  etc.  A  further  im|)orlant  point  is  the  possible  use  of  the 
pedestals  as  flower  urns  or  for  other  purposes  when  decorating. 

The  arrangement  of  the  porch  fixture  (  l"ig.  j)  is  evident.  If 
necessar)-.  a  special  container  may  be  used  to  protect  the  plant 
from  the  heat  of  the  lamp.     The  idea  is  both  simple  and  novel. 
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Cove  lighting,  of  which  Fig.  3  is  an  illustration,  is  really  a 
forerunner  of  the  indirect  system  as  now  known.  The  lami)s  and 
reflectors  are  concealed  in  coves  about  the  sides  of  the  room  or 
the  dome  to  be  lighted.  The  type  of  reflectors  used  must  be  de- 
termined by  the  conditions  encountered  and  the  results  desired. 
For  instance,  it  may  be  that  the  ceiling  is  to  be  lighted  at  a  uni- 
form intensity,  requiring  two  or  three  types  of  reflectors  set  at 


Fig.   5.     Reflector   and   Dit- 
fuser  for  Fixture  in  Fig.  4. 

different  angles,  or  it  may  be  that 
some  special  feature  in  the  decora- 
tion is  to  be  emphasized  in  which 
case  no  better  way  could  be  found 
than  by  an  adjustment  of  the  il- 
lumination. The  cove  arrangement 
is  particularly  effective  in  domes  or 
high  and  elaborately  decorated  ceil- 
ings, but  is  not  so  good  as  the  in- 
direct fixture  for  small  rooms. 

The  luminous  type  of  fixture, 
listed  in  class  three,  is  being  placed 
on  the  market  in  a  number  of  forms 
and  is  meeting  with  popular  approval.  Table  or  art  lamps,  later 
referred  to  by  the  trade  term  "portables",  are  distinctive  and  will 
be  considered  separately.  Of  the  pendant  types  there  are  two 
general  classes,  semi-indirect  and  luminous  bowl,  the  former  be- 
ing merely  an  inverted  glass  bowl  claiming  the  advantage  of  the 
indirect  fixture  because  the  ceiling  is  lighted  but  making  no  eflfort 
to  control  the  rays  or  to  direct  any  large  part  of  them  to  the 
ceiling.  This  class  is,  therefore,  but  a  modified  form  of  direct 
lighting,  being  very  similar  to  the  opal  globe  or  hemisphere.     It 


Fk;.    4.     A    Single-unit    Lumi 
nous   Bowl    Fixture. 
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mcrii>  Its  iKJi.ularny  m  its  low  first  cost  and  in  the  protection  of 
the  eyes  from  the  bright  tilaments  of  modern  lamps. 

The  luminous  lx)\vl  fixture  is  a  trade  term  applied  to  those 
fixtures  using  the  indirect  system  entirely  so  far  as  useful  lighting 
is  concerned,  hut  introducing  some  device  whereby  the  glass  in  the 


Fig.  6.      A  Multi-unit  Luminous  Bowl  Fixture. 


interior  K(|uii)mcnt  for  Fixture  in  Fig.  6. 
(.Allowing  small   lamp). 

containing  howl  is  illuminated.  It  is  capable  of  all  the  possibili- 
ties of  the  semi-indirect  unit,  but  has  all  the  advantages  of  true  in- 
direct lighting  in  addition.  It  is  likely  to  be  more  expensive  than 
the  semi-indirect  fixture  because  it  must  contain  the  character- 
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istic  high  efficiency,  opaque  reflectors  of  the  indirect  system,  as 
shown  in  Figures  4  and  7.  Figure  5  shows  the  manner  in  which 
the  bowl  is  lighted  where  a  single  lamp  is  used,  the  small  por- 


FiG.  8.     The  Hub,  Chicago  (  Main  floor), 
celain  cup  being  so  designed  that  the  rays  passing  through  it  arc 
distributed  over  the  interior  of  the  fixture.     This  cup  is  at  the 
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extreme  l»«>ti<»m  <>i  uu-  iriKum  ami  under  the  lamp,  so  that  the 
cOiciency  of  the  unit  is  not  materially  changed  by  its  introduc- 
tion. The  interior  efjuipment  for  the  multi-unit  fixture  of  Figure 
tt  is  shown  in  I'igure  7.  I'he  small  pendant  lamp  consumes  about 
ten  i)er  cent  as  much  power  as  all  the  rest  in  the  fixture,  even  this 
amount  is  saved  a>  much  as  it  would  be  in  the  semi-indirect  type. 
Figure  S  shows  a  representative  installation  of  the  multi-unit 
Uiminous  IkjwI  type  of  fixture  in  the  new  Hub  in  Chicago.  In 
this  case,  as  in  all  others  considered   in   this  article,  the  photo- 


I'li..  <;.  'l"lu  Liimiuoiis  Bov\l  in  llic  Home. 
graph  wa.s  taken  by  the  light  from  the  indirect  system  alone. 
The  excellent  distribution  of  light  secured  is  shown  by  the  absence 
of  pronounced  shadows,  even  where  they  might  be  most  expected. 
.\  night  |thotograph  requires  a  long-time  exposure,  and  still  no 
halation  is  ap|>arent  about  the  fixtures  in  this  room,  showing  that 
while  the  bowl  is  well  lighted,  it  is  a  very  secondary  source,  the 
useful  illumination  coming  .ilniost  entirely  from  the  ceiling  as 
previously  suggested. 

Indirect  lighting  is  nowiiere  so  effective  as  in  llu'  illumination 


Fig.  10.     A  Bed  Kuom  installation. 
Fig.  II.     Tea-Room,  Hyde  Park  Hotel,  Chicago. 
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ui  ilu-  lionif.  '  \'\iRii  i.uU.ii  lamps  were  in  use  people  were  in- 
clined to  install  anything  which  would  give  light  at  a  reasonable 
cost,  without  regard  for  the  quality  of  the  illumination  secured  or 
for  the  appearance  of  the  fixture.  The  new  high  efticiency  lamps 
have  not  only  made  better  systems  possible  for  all.  but  the  bril- 
liancy of  their  filaments  is  making  eye-protection  a  necessity. 
Several  ilIu>trations  are  given  in  connection  with  this  article  where 
indirect  lighting  has  been  used  to  good  effect  in  this  class  of  inter- 
iors.  I'igure  2  shciws  an  enclosed  porch  with  a  special  arrangement 


Fin.  12.     Tlif  'r;il)lc  I'ortahlc  in  tin-  lloiiu-. 

of  the  standard  fixture.  Figuri-  <>  shows  a  dining  room  and  li\  ing 
room  aiul  l-'igure  lo.  a  bed  njom  where  luminous  IktwI  fixtures  are 
used,  and  bigure  I2  shows  an  installation  of  the  art  lamp  which  is 
described  later.  In  each  case  the  result  is  suggestive  of  comfort — 
almost  luxury.  This  suggestion  is  largely  responsilile  for  the 
|>opular  conception  of  the  expense  of  indirect  lighting,  the  truth 
licing  that  it  is  frecjuently  less  expensive  than  a  similarly  adequate 
installation  of  direct  lighting  would  lie  and  that,  even  where  it 
m;i\    1.1-  slii-hilv  nv.rr  .dsily.  tin-  results  justify  the  expense. 
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Figures  11  and  12  show  two  styles  of  the  "Curtis  Portables"  or 
art  lamps  which  are  being  placed  on  the  market  by  a  Chicago  firm. 
These  are  not  ordinary  art  lamps  although  the  silk  shades  are  not 
more  brilliantly  lighted  than  is  true  in  the  case  of  those  almost  use- 
less ornaments.  Here,  however,  the  shade  conceals  an  ecjuipment 
consisting  of  a  high  power  lamp  enclosed  in  an  opaque,  mirrored 
reflector,  and  the  real  illumination  in  tlie  room  comes  from  the 
ceiling  as  in  all  other  installations  of  the  indirect  system.  The  shade 
is  lighted  by  three  very  small  frosted  lamps,  controlled  by  a  separ- 
ate chain  switch.  The  small  lamps  may  thus  be  used  alone,  if 
desired,  to  produce  a  fireplace  glow  in  the  room,  the  entire  unit 
may  be  used  as  an  unusually  efficient  art  lamp,  or  the  large  lamp 
may  be  used  alone  to  provide  excellent  illumination  from  a  con- 
cealed light  source,  the  standard  appearing  as  an  ornament  only. 

In  concluding  this  series  of  articles  the  writer  desires  to  re- 
peat what  was  said  in  the  beginning.  Indirect  lighting  is  not  the 
only  system  which  can  produce  good  results  and  the  particular 
indirect  lighting  discussed  in  this  and  previous  articles  is  not 
the  only  system  passing  under  the  idea  of  providing  light  by  in- 
direct means.  However,  a  fair  investigation  will  con\ince  any- 
one that  some  kind  of  indirect  lighting  is  both  desirable  and  prac- 
tical, in  this  day  of  high-efficiency  and  high  power  lamps,  and 
also  that  the  system  explained  here  makes  the  greatest  possible 
use  of  the  principles  of  indirect  in  order  to  secure  the  best  pos- 
sible results.  Most  people  have  very  definite  ideas  as  to  the 
relative  economies  of  the  several  systems, — it  is  as  manifestly  un- 
fair to  compare  costs  in  this  case  as  to  compare  the  prices  of 
cottons,  silks,  and  linens.  Everyone  cannot  afiford  to  wear  silks, 
some  cannot  afiford  to  buy  the  best  system  of  illumination,  but  so 
long  as  the  difiference  remains  as  slight  as  at  the  present,  very  few 
are  justified  in  having  anything  but  the  best  for  the  purpose  for 
which  they  wish  to  use  the  light.  No  one  system  is  always  the  best, 
each  case  has  conditions  peculiar  to  itself  and  requiring  special 
consideration  in  determining  the  kind  of  lighting  to  be  used.  Il- 
lumination is  a  science  which  has  sprung  into  being  because  of  the 
necessity  for  eye-protection.  If  these  articles  have  served  to 
awaken  interest  on  the  part  of  the  readers  of  The  Technograph 
in  the  important  subject  of  proper  illumination,  to  convince  them 
that  there  are  advantages  in  the  \  arious  systems  which  are  worthy 
of  careful  consideration,  it  has  accomplished  its  purpose. 
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Vor  riKirc  than  three  decades  psychologists  have  been  quietly  at 
work  in  their  laboratories  on  the  continent  of  Europe  and  of 
America  discovering  facts  and  laws  concerning  the  mental  life. 
These  results  have  been  published  in  scores  of  periodicals  dedi- 
cated to  the  exclusive  use  of  the  science  and  in  hundreds  of  sys- 
tematic treatises.  text-l)ooks,  and  moncjgraphs.  The  purpose  of 
all  of  this  labor  has  been,  as  a  rule,  single  and  definite:  to  dis- 
cover mental  truths.  This  singleness  of  purpose  and  the  quest 
of  fact  are.  indeed,  characteristic  of  all  scientific  research  and 
finds  recognition,  unfortunate  in  its  connotation  as  it  is,  in  the 
rebuke,  so  often  administered  by  the  layman  to  the  man  of  science. 
that  he  lacks  practicality.  This  is  not  the  time  nor  the  place  to 
enter  a  i)rotest  against  the  accusation.  \\  hile  it  is  trvie  that  the 
a()plication  of  the  facts  of  science  to  the  needs  of  daily  life  often 
furnishes  a  wholesome  check  and  not  infrequently  contributes  a 
healthy  impetus  to  the  activities  of  the  scientist,  it  is.  neverthe- 
less, equally  true  that  the  aim  to  be  i)ractical  is  not  inherent  in 
.scientific  procedure,  in  this  fasliion.  then,  has  the  science  of 
psychology  gradually  e\()l\e(i  facts  and  laws  of  mind  quite  inde- 
j)endently  of  their  immediate  \alue  outside  of  the  science. 

\ow  it  has  come  about,  as  in  the  case  of  man\  other  sciences. 
notably  in  such  sciences  as  physics  and  astronomy,  that  soon  after 
their  discovery  the  facts  of  the  laboratory  have  been  found  use- 
ful in  other  disciplines.  ICducation  was  not  slow  to  see  in  the 
form  of  the  "learning  curve"  and  in  certain  laws  of  the  adequacv 
<»f  sensory  impression  a  real  contribution  to  its  own  field.  Medi- 
cine soon  found  material  for  the  advancement  of  therapeutic 
practice  in  the  laws  of  association  and  in  the  efifect  of  emotion-^ 
on  the  physiological  organism.  Keligion  ha>  gained  scientific  en- 
dorsement for  much  of  its  dogma  from  tlu'  discoverv  of  the  law- 
of  suggestion  and  from  many  phenomena  of  the  abnormal  mind. 
It  is  not  surprising,  therefore,  that  the  demands  of  our  industrial 
life  should  now  make  themselves  felt ;  it  is  remarkable  that  busi- 
ness has  not  availed  itself  of  the  discoveries  made  in  the  psy- 
chological laboratory  before  the  present  decade.  I'or  a  long  time 
not  a  few  industries  have  retjuired  a  physical  examination  of  their 
employees;  but  tlu-y  have  lu-glectetl  to  in(|iiire  wluther  these  em- 


Psychology  and  Business  117 

ployees  are  mentally  capable.  Naturally  the  mentally  unfit  were 
either  discarded  when  they  made  application  for  positions  on  the 
basis  of  crude  earmarks  and  under  the  practised  scrutiny  of  some 
representative  of  the  employer,  or  more  frequently  they  were 
gradually  eliminated  in  the  course  of  their  apprenticeship  because 
the  casual  inquiry  of  the  examiner  had  not  detected  serious  de- 
ficiencies of  mental  capacity.  In  either  case  economic  waste  re- 
sulted, first  because  the  employer's  representative  was  himself  in- 
efficient as  a  selecting  agent  in  that  his  casual  discrimination  may 
have  barred  good  material  and  admitted  poor  material,  and  sec- 
ondly because  the  poor  workman,  once  admitted,  drew  pay  for 
work  which  was  not  worth  the  money,  because  he  was  introduced 
into  an  industrial  machine  where  he  acted  as  a  dead  weight. 

In  several  lines  of  industry  psychological  tests  of  a  sort  have 
been  introduced,  such  as  tests  for  color-blindness  among  railroad 
engineers  and  tests  of  visual  acuity  for  ship-captains.  But  we 
are  now  on  the  eve  of  a  general  demand  coming,  on  the  one  side, 
from  the  great  businesses  for  tests  of  a  higher  order,  tests  for 
types  of  judgment,  quickness  of  apprehension,  rapidity  of  motor 
execution,  efficiency  of  memory  for  various  details,  tests  by  means 
of  which  the  fitness  of  the  applicant  for  a  particular  position 
can  be  determined,  and  of  an  urgent  request,  voiced,  on  the  other 
side,  by  those  interested  in  vocational  training,  for  psychological 
anaylses  of  the  requirements  of  the  various  kinds  of  employment. 
The  slogan  of  this  movement  is,  then,  "the  psychologically  right 
man  for  the  psychologically  right  place."  Instead  of  a  perpetual 
drifting  of  men  and  women  from  one  type  of  industry  to  another 
until  they  "find"  themselves,  instead  of  a  wasteful  and  disastrous 
dropping  by  the  wayside,  instead  of  a  consumption  of  time, 
energ}',  and  capital  of  business  enterprises  in  the  service  of  a  use- 
less apprenticeship,  the  psychological  requirements  of  a  position 
will  soon  be  analysed,  tabulated,  and  classified,  suitable  tests  of 
applicants  will  be  instituted,  and  an  increase  of  efficiency  will  re- 
suh. 

And  it  does  not  seem  to  be  too  much  of  a  divergence  from 
rational  conservatism  to  put  these  verbs  in  the  future  tense,  for, 
without  a  mis-statement  of  fact,  many  of  them  could  be  written 
in  the  present.  A  street  railway  system  in  one  of  our  larger 
cities,  several  telephone  companies,  a  large  steamship  organiza- 
tion, a  manufacturer  of  ball-bearings,  and  scores  of  other  indus- 
tries have  already  consulted  psychologists  with  this  particular  end 


,|g  ThI    TlXHNOGRAPH 

m  \ic\\.  i  lie-  .  uara'  t«.•^I^lK  rjualilications  needed  for  each  one  of 
ihcsf  occupalion>  has  hecn  or  is  being  analyzed  for  the  sake  of 
extending  scientific  management  to  its  logical  conclusion  with 
the  analysis  of  mental  functions.  The  psychology  of  advertising 
and  (if  salesmanship  have  also  received  the  attention  of  the  la- 
iKjratorv  and  the  results  have  been  published  in  monograph  form. 

A  concrete  example  of  an  experiment  which  has  actually  been 
performed  in  the  Harvard  psychological  laboratory  with  street- 
car ?iiotormen  acting  as  observers  would  doubtless  best  illustrate 
the  feasibility  of  an  analysis  of  mental  processes  involved  in  the 
performance  of  industrial  labor.  It  was  the  aim  of  the  psy- 
cht)logist  to  reproduce  as  accurately  as  possible  the  problem  which 
presents  itself  to  the  motorman  and  at  the  same  time  to  arrange 
the  experiment  so  that  various  factors  could  be  isolated  and 
kept  under  control.  He  finally  thought  out  a  scheme  which,  ni 
the  opinion  of  all  of  the  motormen  who  subjected  themselves  to 
the  experiment,  fulfilled  the  requirements  of  the  situation  as  nearly 
as  possible.  He  says,  "The  tried  motormen  agreed  that  they 
really  pass  through  the  experiment  with  the  feeling  which  the>- 
have  on  their  cars." 

The  plan  of  the  experiment  was  briefly  as  follows :  The  track 
was  represented  liy  two  heavy  lines  one-half  inch  apart  passing 
lengthwise  over  a  large  sheet  of  paper.  The  paper  was  ruled  into 
one-half  inch  squares.  The  squares  which  appeared  on  either 
side  of  the  track  were  filled  in  an  irregular  fashion  with  figures 
1.  2.  and  3.  printed  in  two  colors,  red  and  black.  Figure  i  rep- 
resented a  ])edestrian  proceeding  at  the  rate  of  one  unit-square 
in  a  gi\iii  unit  of  time,  2.  a  horse  mo\ing  twice  as  fast,  and  3. 
an  aut(»mobile  g<jing  three  times  as  fast.  Whenever  these  figures 
appeared  in  red,  the  direction  of  procedure  was  toward  the  track  , 
whenever  a  black  figure  appeared,  the  direction  was  parallel  to  or 
away  from  the  track.  .-X  red  3  two  unit-squares  away  from  the 
track  would,  of  course,  land  on  the  track,  a  red  2  two  unit-squares 
away  would  be  out  of  danger.  Over  this  paper  a  black  velvet  belt 
was  made  to  pass  at  a  speed  governed  by  the  observer,  i.  c,  the 
motorman.  This  belt  had  a  slit  long  enough  to  expose  four  squares 
on  either  side  of  the  track  and  wide  enough  to  disclose  but  one 
row  at  a  time.  The  observer  turned  the  belt  at  a  speed  which 
was  carefully  recorded  and  reported  those  numbers  in  each  suc- 
cessive row  which  would  require  a  stopping  of  the  car  in  order 
to  avoid   aciidrnt.     The   niinitK-r   of  errors   was   tlieii   computed 
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and  the  various  rates  of  travel  of  the  belt  were  recorded.  By 
applying  the  proper  modulus  to  each  one  of  the  several  factors, 
a  grade  was  determined  for  each  observer. 

It  is  not  very  difficult  to  find  flaws  in  the  procedure.  In  the 
first  place,  all  of  the  physical  conditions  were  not  exactly  re- 
produced. Pedestrians,  horses,  and  automobiles  are  known  not 
to  go  at  uniform  rates  in  the  vicinity  of  street-car  tracks :  that 
fact  alone  causes  a  large  percentage  of  accidents.  Nor  are  ap- 
proaching obstacles  always  as  clearly  seen  as  are  the  figures.  Then, 
other  physical  conditions  make  the  situation  much  more  complex : 
distracting  noises  occur,  cars  pass  on  the  other  track,  time  must 
be  made  up,  snow  and  rain  cause  the  brakes  to  fail,  the  psy- 
chophysical organism  is  fatigued,  worried,  chagrined,  subject  to 
scores  of  uncontrolled  influences.  In  the  second  place,  the  men- 
tal attitude  is  much  different.  The  examination  in  the  labora- 
tor\'  must  needs  be  competitive,  a  high  degree  of  attention  is 
given  during  a  comparatively  short  interval  to  the  problem  at 
hand,  the  results  in  case  of  error  are  much  less  serious  in  each 
individual  instance,  and  the  entire  performance  is  much  less 
habitual. 

In  spite  of  these  positive  objections,  we  must  remember  that 
the  observ^ers  claimed  a  similarity  of  experience  under  the  two 
sets  of  conditions ;  they  found  the  two  problems  very  much  alike. 
We  have  further  to  note  that  the  graded  results  obtained  from 
this  experimental  examination  corresponded  favorably  with  the 
actual  records  of  the  motormen  during  their  employment  with 
the  street-car  company.  Specifically,  motormen  with  bad  repu- 
tations for  carelessness  and  number  of  accidents  for  which  they 
were  responsible,  obtained  comparatively  poor  grades  in  the  ex- 
amination. A\'hat  role  suggestion  plays  in  investigations  of  this 
sort  is  not  known  ;  but  even  with  this  interpretation,  the  fact  re- 
mains that  the  same  lack  of  confidence  or  the  memory  of  past 
mishaps  would  be  as  potent  a  factor  in  actual  life  as  in  the  labor- 
atory. In  both  cases  the  memor}^  of  a  long  line  of  failures  would 
be  effective :  it  is  a  platitude,  of  course,  that  this  condition  is 
largely  held  responsible  for  many  failures  in  life.  On  the  other 
hand,  men  with  clean  records  with  the  company  made,  as  a  rule, 
good  grades  in  the  tests.  We  have,  then,  a  point-for-point  re- 
lationship established  between  the  record  of  the  experiment  and 
the  standing  in  actual  experience  of  everyday  life.  Another  way 
of  meeting  some  of  the  objections  raised  in  the  previous  para- 
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graph  lies  in  the  consideration  of  experimental  conditions.  No 
cxpenmcnt  in  whatever  science  performed  aims  to  reproduce  all 
the  conditions  of  everyday  life :  in  this  respect  no  investigation 
actually  copies  real  life  in  all  of  its  objective  and  subjective  re- 
lations. For  its  own  convenience  and  because  it  would  be  im- 
lK)Ssible  to  investigate  phenomena  in  their  chaotic  complexity, 
science  isolates  the  conditions,  and  subtracts  from  the  environ- 
ment of  disturbing  influences.  We  must  waive,  then,  the  right 
to  pass  this  sort  of  negative  criticism.  The  experiment  described 
was  but  a  beginning ;  other  experiments  covering  other  conditions 
not  controlled  in  this  procedure  can  be,  or,  doubtless,  are  being,  de- 
vised. Ultimately,  when  the  counts  are  in,  we  shall  have  an 
experiment  which  corresponds  as  closely  as  possible  in  all  points 
with  the  conditions  of  everyday  life. 

This  instance  of  an  experiment  which  was  framed  to  meet  the 
needs  of  business  is  but  one  of  many  such  experiments  which 
have  actually  been  devised  and  performed  with  creditable  results. 
To  medicine,  religion,  law,  education,  and  the  musical  arts,  must 
now  be  added  business  as  a  claimant  for  facts  concerning  the 
mental  aspect  of  the  individual.  And  this  sort  of  stimulus  from 
without  cannot  do  anything  imt  good  to  the  science  of  psychology 
in  that  new  problems  are  raised,  new  interpretations  demanded, 
and  modifications  of  old  views  required.  But  with  all  of  this 
progress,  it  is  not  safe  nor  sane  to  judge  a  growing  discipline 
too  quickly  or  too  harshly ;  there  are  as  many  awkward  move- 
ments in  psychology"  as  there  are  in  a  child  during  adolescence. 
and  with  the  same  amount  of  embarrassment.  It  is  better  to 
criticize  the  goal  and  general  orientation,  the  progress  made  so 
far,  the  i)romise  of  development  in  the  future,  and  the  industr}' 
of  the  men  who  are  endeavoring  to  open  up  a  lead  from  which 
past  generations  failed  to  obtain  gems  of  much  value  because  they 
were  improperly  equipped  with  tools. 


THE  HONOR  SOCIETIES 

BY  C.  E.  XOEREXBERG 
TAU  BETA  PI 

The  honorary  engineering  fraternity  of  Tau  Beta  Pi  was 
founded  at  Lehigh  University  in  June,  1885,  for  the  purpose  of 
securing  for  the  students  of  technical  and  scientific  schools  the 
same  recognition  for  high  scholarship  that  Phi  Beta  Kappa  gives 
to  students  in  literary  courses,  whose  attitude  at  that  time  was 
hostile  toward  engineering  students.  Prof.  E.  H.  Williams,  Jr.. 
its  founder,  felt  that  the  latter  deserved  a  similar  recognition  for 
superlative  work  and  an  additional  spur  toward  eminent  success, 
as  well  as  the  advantages  of  association  with  men  of  like  aims 
and  qualities.  He  planned  so  well  that  the  only  engineering 
honorary  fraternity  has  planted  twenty-six  chapters  in  the  most 
worth-while  engineering  schools  of  the  country  and  through  its 
graduates  is  taking  no  small  place  of  power  and  prominence  in 
the  active  engineering  profession.  Its  live  organization  publishes 
a  quarterly  magazine  called  The  Bent,  whose  large  circulation 
keeps  the  alumni  and  students  in  close  touch. 

Undergraduate  students  are  eligible  to  consideration  for  mem- 
bership, the  "honor  man"  at  the  end  of  the  sophomore  year  of 
each  class  being  the  first  man  eligible.  Sixteen  of  the  next  highest 
students  are  selected  at  the  end  of  the  first  semester  of  the  junior 
year  and  eight  at  the  end  of  the  second  semester.  In  no  school 
is  either  group  allowed  to  be  in  number  more  than  one-eighth  of 
the  class.  Scholarship  forms  the  fundamental  basis  of  election, 
though  personality,  promise  of  success,  etc.,  are  some  of  the  other 
factors. 

The  objects  are  not  only  to  emphasize  superlative  scholar- 
ship but  to  cultivate  a  desire  for  the  "humanities"  and  a  loyalty 
of  service  to  one's  alma  mater  and  fellowmen,  as  well  as  to  pro- 
mote good  fellowship  and  to  make  the  technical  graduate  a  well- 
rounded  man.  The  activity  of  membership  is  undergraduate  and 
the  fraternity  attempts  to  cultivate  the  social  side.  For  this 
reason  the  local  chapter  has  maintained  a  house  for  a  number  of 
years  and  a  number  of  other  chapters  have  followed  its  example. 
The  undergraduate  years  are  considered  merely  an  introduction 
into  the  busy  years  of  active  practice  in  the  engineering  profes- 
sion. 
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SIGMA  XI 

The  honorary  scientitic  society  of  Sigma  Xi  was  founded  at 
Cornell  University  in  November.  1886,  by  Prof.  Henry  S.  Wil- 
liams, for  the  purpose  of  recognizing  scholarly  merit  and  re- 
search al)ility  in  students  in  scientific  courses  and  of  encouraging 
original  investigation.  It  has  established  twenty-eight  chapters 
in  the  more  i)rominent  universities  of  the  country  and  has  started 
the  publication  of  a  magazine  containing  largely  items  of  news 
and  notes  on  the  progress  of  scientific  investigations. 

It  is  not  an  undergraduate  organization  though  seniors  are 
eligible  toward  the  end  of  the  year.  The  membership  is  com- 
posed largely  of  faculty  members  and  graduate  students  who  be- 
come eligible  upon  the  publication  of  research  work  along  scien- 
tific lines.  Scholarship  is  recognized  in  selection  though  not  ex- 
clusively, but  the  ability  to  conduct  research  is  required.  The  can- 
didates are  nominated  and  elected  by  members  in  the  faculty. 

Meetings  are  held  approximately  monthly  and  are  largely  for- 
mal in  character.  Talks  and  discussions  on  research  subjects 
are  mingled  with  lectures  by  prominent  scientists. 


THE  SAFETY  FIRST  MOVEMENT 

ACCIDENT  AND  ACCIDENT  PREVENTION  IN  THE 
MECHANICAL  FIELD 

During  the  football  season,  a  headline  reading, 

Football  Special  Collides  \\'ith  Freight.     A has  arm 

Broken,  Several  Others  Seriously  Shaken  up. 
would  command  the  attention  of  all  Chicago,  and  receive  comment 
from  all,  over  the  country. 

Contrast  the  prominence  which  such  an  article  would  take  with 
the  space  and  attention  given  to  accidents  in  the  laboring  world. 
Without  a  doubt  a  much  more  truthful  article  could  be  written 
for  almost  every  working  day  in  the  year,  the  headlines  being 
not  "One  man  temporarily  hurt",  but  "Twenty  men  killed,  one- 
hundred  seriously  injured,  and  eight-hundred  temporarily  dis- 
abled." 

However,  no  such  headline  is  going  to  appear.  The  papers 
are  going  to  continue  to  portray  the  horrors  of  the  football  field 
and  the  class  rush,  and  decry  the  railroads  in  their  insane  speed 
and  lack  of  caution.  The  father  and  mother,  at  home,  are  going 
to  remain  steadfast  in  their  attitude  that  their  son  shall  not  play 
deadly  football  or  participate  in  class  athletics,  and  all  the  while 
the  ranks  of  our  laboring  forces  are  going  to  be  riddled  by  un 
necessary  accidents,  at  a  rate  which  rivals  even  Gettysburg. 

We  ask  why  the  papers  don't  publish  these  conditions  if  they 
are  so.  The  answer  is  that  we  would  not  buy  the  paper  if  they 
did.  Even  now  you  censure  and  condemn  the  Chicago  American, 
saying  that  it  prints  nothing  but  horrors.  To  a  large  extent  a 
paper  will  publish  that  which  its  readers  want  it  to  publish,  and 
suppress  the  rest.  By  our  attitude  and  our  lack  of  support,  we 
beat  down  any  movement  which  tends  to  place  the  conditions  of 
the  working  classes  in  a  light  where  public  opinion  will  demand 
that  such  conditions  be  changed. 

The  starting  of  a  new  movement  may  be  just  noticed  now.  Let 
us  hope  that  it  will  be  the  dawn  of  a  new  industrial  day,  and 
that  the  new  born  "Safety  First"  movement  will  be  the  means 
whereby  the  death  rate  of  "one  man  killed  out  of  every  one 
hundred  working"  (1911  Bureau  of  Labor  Statistics)  will  be  .1 
thing  of  the  past. 

The  start  of  the  new  movement  seems  to  have  been  largely 
through  the  insurance  companies,  where  an  increasing  number  of 
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accidents  meant  an  increasing  nunil*er  of  claims  to  be  settled. 
Some  agitation  was  also  started  Ity  a  few  of  the  manufacturing 
concerns  and  social  organizations,  the  object  being  purely  philan- 
thropic. The  Aetna  Life  Insurance  Co.  has  published  several 
bulletins  under  the  name  of  "Safeguards",  while  the  insurance 
interests  in  general  are  issuing  magazines  of  a  similar  nature. 
The  U.  S.  Ciovernment  is  now  compiling  data,  which  will  become 
more  valuable  within  a  few  years. 

M  the  present  time  the  most  complete  information  is  that 
compiled  by  the  (ierman  Government,  covering  conditions  in  Ger- 
manv  since  1897.  A  report  entitled  "Accident  Prevention  and 
Relief"  by  Schwedtman  and  Emery,  together  with  the  U.  S. 
Bureau  of  I^bor  Bulletins,  Nos.  92  and  94,  quote  the  results  of 
the  German  investigation  in  considerable  detail. 

An  effort  was  made  to  see  if  the  conditions  in  this  country 
checked  w  ith  the  ( ierman  investigations,  but  the  sources  of  in- 
formation gave  widely  varying  results,  making  it  impossible  to 
get  anv  satisfactory  comparison.  The  following  table,  compiled 
fnjm  the  statistics  of  the  German  reports,  shows  the  comparative 
hazard  of  the  industries  mentioned.  Whether  or  not  these  con- 
<litions  are  true  ff)r  this  countrv  cannot  he  told  as  vet. 
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The  ligures  represent  percentage  of  total  injuries  in  the  respec- 
tive class,  i.  e.  45  per  cent  of  the  accidents  causing  temporar}-  dis- 
ability are  due  to  the  agricultural   occujiation. 

The  fact  that  in  ( lermany  the  agricultural  industries  are  so 
much  UKtre  hazardous  than  (jthers.  is  undoubtedh  a  point  of  con- 
siderable interest  and  surprise.  In  this  count r\  the  general  con- 
sensus of  opinion  seems  to  be  that  either  the  iron  and  steel  or  the 
railroads  are  the  most  hazardous. 

I'ollowing  is  a  summary  of  the  American  conditions,  as  given 
in  the  U.  .*^.  Bureau  of  L.-iIkh    lUilletins  for   H)i\. 
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One  laborer  out  of  every  100  working  in  shops,  received  in- 
juries which  caused  permanent  disability  or  death. 

As  compared  with  the  previous  years,  the  total  accident  rate  is 
decreasing. 

The  number  of  accidents  causing  death  is  decreasing. 

The  number  of  accidents  causing  permanent  or  partial  dis- 
ability is  decreasing. 

The  number  of  accidents  causing  temporary  disability  is  in- 
creasing rapidly. 

Accident  rate  for  men  is  higher  than  for  women. 

Accident  rate  throughout  the  year  is  nearly  constant. 

Accident  rate  for  Monday  A.  M.  and  Saturday  P.  M.  is  higher 
than  for  rest  of  week. 

Accident  rate  for  men  employed  less  than  one  year,  is  much 
higher  than  for  those  employed  for  more  than  this  time. 

53  per  cent  of  accidents  consist  of  fractures  or  crushing  of  arm 
or  leg. 


Time  of  Occurrence 
Curve  Showing  Time  of  Occurrence  of  Shop  Accidents. 

The  curve  in  the  figure  was  plotted  from  the  Minnesota  Labor 
Bulletins  for  191 1,  and  is  typical  for  the  average  American  shop. 
It  shows  that  the  greatest  number  of  accidents  occur  at  about 
10  :oo  A.  M.  and  3  :oo  P.  M.,  with  secondary  peaks  at  2  :oo  A.  M. 
and  10:00  P.  M.  in  the  shops  which  work  at  night. 

Following  are  some  of  the  more  common  accidents  and  methods 
of  prevention. 


126  The  Technogkaph 

Fl\  zchccl  burstitu/.  Due  usually  to  the  governor  belt  break- 
ing, allowing  the  governor  balls  to  drop,  thereby  allowing  the 
engine  to  race.  On  the  Corliss  engine,  when  the  governor  comes 
to  a  maximum  low  position,  a  set  of  safety  cams  cut  oflF  the 
steam  supply.  Other  devices  shut  ofT  the  steam  when  a  pre- 
determined speed  is  reached.  On  turbine  alternators,  a  slight 
increase  over  a  predetermined  frequency,  causes  both  electrical 
and  steam  ends  to  be  cut  off. 

Circular  saws.  A  steel  finger  is  placed  back  of  the  saw  to 
keep  war])ed  stock  from  pinching  the  saw  and  being  thrown  back. 
.\  cover  over  the  crown  of  the  saw  protects  the  workman's  hands. 
On  band  resaws  and  edgers,  a  set  of  fingers,  placed  back  of  the 
feed  rolls,  keeps  the  stock  from  being  thrown  back. 

Joiners.  The  use  of  a  cylindrical  arbor  in  place  of  the  square 
head  arbor.  In  case  of  accident,  only  the  tips  of  the  fingers  are 
cut,  rather  than  cutting  off  the  w^hole  finger  as  before.  A  self 
adjusting  guard  protects  that  part  of  the  knife  not  in  use. 

Hand  Saws.  The  lower  wheel  is  encased  in  the  base  of  ma- 
chine or  placed  below  the  floor,  the  upper  wheel  is  protected  by  a 
screen  guard.  In  case  the  saw  breaks  or  comes  off  the  wheel,  it 
will  be  held  from  striking  persons  working  near  the  saw. 

finury  Wheels.  Tae  Carborundum  Co.  and  several  other  man- 
ufacturers are  putting  out  a  convexed  or  grooved  \vheel,  held  in 
place  by  a  cupped  washer,  which  tends  to  hold  the  pieces  in  case 
the  wheel  breaks. 

Gears.  The  more  modern  types  of  machiner}'  are  built  with 
gears  covered,  but  in  cases  where  they  are  not,  a  cover  should  be 
placed  over  them. 

The  principal  means  of  reducing  the  accident  rate  in  shops, 
is  through  education  and  cooperation  of  employees.  A  workman 
should  never  be  permitted  to  operate  a  machine  until  he  thor- 
oughly understands  its  action.  .Some  means  should  be  provided 
to  counteract  the  tendency  to  become  careless  as  one  becomes 
thoroughly  acquainted  with  a  machine.  This  is  well  done  by 
means  of  safety  signs  and  buttons,  placed  where  they  will  serve  to 
remind  the  workman  of  danger. 

".Mthough  there  are  parts  of  a  machine  which  cannot  be  safe- 
guarded by  any  known  means,  and  though  the  employees  en- 
gaged in  operating  machines  know  of  these  unguarded  parts. 
some  of  ihem  will  nevertheless  perform  their  lal)()rs  in  a  way 
which  bonlers  on  criminal  negligciue.      To  i)lace  a  ladder  on  a 
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revolving  shaft  and  mount  thereon;  to  crawl  under  moving  ma- 
chinery ;  to  reach  across  dangerous  parts  of  a  machine ;  to  work 
in  bagg}'  sleeves  or  flying  tresses  of  hair  about  dangerous  gear- 
ing or  shafting;  to  jump  on  or  off  elevators  in  motion;  to  ad- 
just belts  on  rapidly  revolving  wheels;  to  carelessly  hook  up  ob- 
jects about  to  be  lifted;  to  speed  overhead  cranes  without  warn- 
ing are  some  of  the  negligences  on  the  part  of  the  employees. 
Until  negligences  like  these  shall  have  ceased,  accidents,  fatal 
and  serious,  will  continue  to  occur,  even  though  the  employer  of 
labor  exert  himself  to  the  utmost  to  prevent  them." 

Constant  warning  and  eternal  vigilance  is  the  price  of  safety. 

O.  C.  K.  Hutchinson,  '16. 

SAFETY  FIRST  IN  ELECTRICAL  APPLIANCES 

The  Safety  First  Movement  in  the  electrical  world  has  been 
a  matter  of  slow  but  steady  growth.  It  has  been  the  result  of  ex- 
perience and  investigation  by  the  practical  men  in  the  business 
who  have  applied  the  knowledge  gained  from  their  own  investi- 
gations. For  this  reason,  there  is  practically  no  literature  on 
the  subject.  Safety  devices  hardly  stand  out  as  such  but  are  re- 
garded as  matter-of-fact  by  the  public.  Only  when  one  stops  to 
discover  the  basic  principles  can  the  safety  idea  be  seen.  For 
these  reasons  no  formal  outline  can  be  used  in  treating  this  sub- 
ject, as  there  are  no  distinct  divisions  of  the  subject-matter.  Per- 
haps the  nearest  approach  to  divisions  would  be  the  Safety 
First  Movement  as  it  affects  the  public,  the  workman,  and  the 
manufacturer,  but  even  these  are  closely  inter-related.  Possibly 
the  best  way  is  to  present  the  dift'erent  items  in  the  order  of  their 
probable  interest. 

Many  devices  used  in  everyday  life  in  the  home  are  in  reality 
safety  devices.  Fuses,  for  example,  protect  the  house  from  fire, 
acting  in  the  same  manner  as  a  safety  valve  on  an  engine.  Light- 
ning arresters  on  powder  and  lighting  circuits,  and  on  telephone 
systems  are  to  protect  the  public.  The  rule  of  the  Chicago  Tele- 
phone Company,  so  bitterly  condemned  by  the  subscribers,  which 
states  that  all  desk-type  telephones  shall  have  their  signal  boxes 
placed  at  a  distance  away  from  a  radiator  or  any  other  grounded 
object  equal  at  least  to  the  length  of  the  cord  and  pedestal,  is 
designed  to  protect  the  users  from  high  voltage  currents  passing 
from  the  metal  of  the  telephone,  through  their  bodies,  to  the 
ground.     The  rules  of  the  National  Board  of  Fire  Underwriters. 
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the  banc  of  the  inside  wireman's  existence,  constitute  probably  the 
oldest  of  the  Safety  First  literature,  although  they  were  seldom  re- 
garded as  such.  But  without  them,  or  an  equivalent,  the  probable 
loss  of  life  and  property  would  be  appalling.  For  the  traveler,  the 
many  systems  or  block  signals  and  safety  devices  are  provided 
to  make  his  trips  safer. 

The  electrical  trade,  one  of  the  most  hazardous  of  the  occu- 
pations, is  now  losing  a  few  of  its  dangers  since  the  start  of 
the  Safety  First  Movement.  The  lineman  working  on  the  "4600 
hat"  is  now  required  by  many  companies  to  use  rubber  gloves 
and  Matthews  Lineman's  Shields.  The  latter  are  sheets  of  rub- 
ber which  are  fastened  to  the  wires  or  any  current-carrying  parts 
in  the  neighborhood  of  the  workman.  In  most  companies  the 
gloves  and  shields  are  tested  periodically  at  voltages  in  excess  of 
those  normally  in  use.  The  excess  factor  of  the  Commonwealth 
Edison  Company  is  two  and  one-third.  An  old  linemen's  custom 
was  to  carr)'  a  small  "ground  chain"  on  all  work,  with  which 
the  wires  were  wound  around  once  and  then  the  end  of  the  chain 
dropped  to  the  ground.  This  caused  a  short  and  ground  circuit 
if  the  "juice"  was  accidentally  turned  on.  So  effective  is  this 
simple  device  that  most  power  companies  require  its  use.  In 
addition  to  this  precaution,  the  switch  controlling  the  circuit  on 
which  work  is  being  done  is  tagged  with  a  red  "Danger"  card. 
The  switch  is  not  to  be  closed  without  the  permission  of  the 
foreman,  who  only  gives  this  permission  after  the  lineman  has 
reported  the  circuit  ready.  Some  switches  are  provided  with 
locks  having  only  one  key.  This  absolutely  prevents  anyone  but 
the  foreman  from  closing  the  switch.  In  large  cities  like  Chi- 
cago or  New  York,  where  all  such  work  is  ordered  by  the  load 
dispatcher  from  his  central  office,  the  closing  or  opening  of  a 
switch  without  his  permission  is  sufficient  cause  to  warrant  dis- 
missal. Safety  belts  and  buck-straps  to  check  the  lineman's  fall 
if  his  spurs  slip  are  really  safety-first  devices.  The  inside  wire- 
man,  who  handles  low  voltages  (600  volts  and  less)  does  not 
need  so  many  protections.  His  main  device  is  rubber  gloves  and 
insulated  tools  when  he  handles  500-600  volts.  The  power  house 
man  and  switch  board  attendant  have  a  life  almost  as  full  of 
danger  as  the  lineman.  Oil  switches,  remote  control  through 
low  voltage  devices,  and  strict  supervisory  rules  have  lessened 
these  hazards.  In  the  newer  stations,  all  control  is  effected  by 
means  of  relays  and  low  vohage  motors,  the  operator  only  hand- 
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ling  small  levers  or  pushing  buttons  none  of  which  operate  at  a 
voltage  that  is  dangerous.  In  the  older  stations,  all  high-tension 
parts  such  as  wires  and  busbars  are  surrounded  by  grounded  wire 
screens.  To  touch  any  of  them,  the  operator  must  stand  on  a 
stool  which  has  high  tension  insulators  for  legs,  place  a  rubber 
mat  on  this  stool,  and  then  use  rubber  gloves.  Patent  insulated 
forceps  are  used  whenever  possible.  The  slogan  seems  to  be 
"Consider  ever>-  piece  as  carrying  current  until  you  knozv  other- 
wise ;  then  use  the  same  precautions  as  before."  Some  pro- 
gressive stations  have  all  current  carrying  parts  painted  certain 
colors  to  conform  with  their  voltages,  such  as  black  0-250;  red, 
over  13,000.  The  New^  York  Central  Lines  paint  on  all  poles 
the  voltage  impressed  on  the  lines  upon  them.  The  Common- 
wealth Edison  Company  used  cards  with  "Danger, — Volts" 
printed  in  red  on  them.  The  Steel  Mills  at  Gary,  Indiana,  have 
similar  signs  printed  in  several  languages.  On  the  powerhouse 
switchboards,  all  instruments  are  grounded,  as  are  all  railings, 
gratings,  motor  frames,  etc.  Knife  type  disconnecting  switches 
are  opened  either  by  the  means  of  long,  dry,  wood  poles,  or  by 
a  rope  in  which  there  is  a  section  of  fibre  for  insulation.  Many 
other  systems  are  used  to  protect  the  operators,  but  these  are 
perhaps  the  most  common. 

The  manufacturer  who  uses  electricity  for  light  and  power 
must  protect  his  workmen  from  the  current,  as  they  are  usually 
ignorant  of  the  usage  of  electricity.  The  men  are  always 
cautioned  not  to  touch  any  metal  in  or  around  any  electrical  ap- 
pliances and  to  leave  all  repair  work  for  the  electrician.  Men 
running  machines  with  motor  drives  have  to  start  and  stop  the 
machine  frequently.  To  protect  them,  the  rheostat-regulator  and 
the  line  switch  are  so  enclosed  that  only  their  handles,  which 
are  made  of  non-conducting  materials,  protrude.  This  system 
makes  injury  by  touching  "live"  parts  impossible.  High  voltage 
and  high  amperage  motors  are  handled  by  the  means  of  low 
voltage  remote  control  relays.  Incandescent  lamps  are  enclosed 
in  cages  to  prevent  breakage  in  a  workman's  face.  Instruction 
about  handling  electrical  appliances  by  means  of  bulletins  aids  in 
the  work.  So  recent  is  the  extensive  use  of  electricity  in  manu- 
facturing that  there  are  few  other  methods  of  protection  in  use. 

From  these  ideas  it  may  be  seen  that  the  Safety  First  Move- 
ment in  the  electrical  world  is  just  starting.  With  the  aid  of  the 
American  Institute  of  Electrical  Engineers,  the  National  Electric 


130  The  Technograph 

Light  Association,  and  the  National  Board  of  Fire  Underwriters, 
the  improvements  in  the  next  few  years  will  take  electrical  occu- 
pations out  of  the  class  of  the  "extra-hazardous"  and  put  them 
on  a  common  footing  with  the  other  trades. 

R.  V.  Waller,  '16 

SAFETY  IN  MINING 

Mining  is  more  dangerous  than  any  single  industr)\  Besides 
the  danger  peculiar  to  mining  alone,  there  exist  those  charac- 
teristic of  other  industries.  Accidents  due  to  belting,  gearing, 
electricity,  etc.,  which  occur  largely  on  the  surface  are  illustrative. 

Accidents  about  mines  may  be  divided  into  those  occurring  un- 
derground and  those  occurring  on  top.  The  latter  have  been 
enumerated  alcove  in  a  general  way  and  as  the  methods  for  pre- 
venting their  occurrence  are  pretty  well  known  to  the  public  in 
general  they  will  not  be  discussed  in  this  paper. 

In  order  of  their  importance  those  which  take  place  under- 
ground arc  due  chiefly  to  (i)  falls  of  roof  or  mineral,  (2)  elec- 
trical causes,  as  contact  with  trolley  wires  or  machine  cables. 
C3)  crushing  between  cars,  or  between  cars  and  sides  of  entry, 
and  (4)  explosions  of  coal  dust  or  gas. 

The  fatalities  due  to  falls  of  roof  or  mineral  are  greater  than 
the  fatalities  from  all  other  causes  combined.  The  mine  in- 
spector of  Pennsylvania  in  his  1913  report  on  the  Bituminous 
field  states  that  2^A  times  as  many  men  were  killed  by  falls  as 
were  killed  by  crushing  and  one-fifth  as  many  killed  by  electricity 
as  were  killed  by  crushing.  The  writer  has  no  statistics  con- 
cerning metal  mine  accidents,  but  is  of  the  opinion  that  falls  are 
largely  responsible  for  the  accidents.  This  opinion  is  based  on 
a  very  limited  experience  in  metal  mining  in  southeastern  Arizona. 

In  justice  to  the  mine  owner  or  operator  it  must  be  admitted 
that  a  large  proportion  of  the  accidents  are  due  to  carelessness 
on  the  part  of  the  miner.  He  soon  becomes  accustomed  to  the 
novelty  of  facing  death,  as  a  result  of  which  he  becomes  exceed- 
ingly careless. 

Having  analyzed  the  causes  of  accidents  in  mines  we  will  take 
up  the  means  adopted  to  prevent  their  occurrence.  The  Safety 
First  Movement  is  comparatively  new,  but  is  being  taken  up  en- 
thusiastically by  mining  companies  and  already  good  results  have 
been  secured.  In  some  states  laws  have  been  passed,  the  object 
being  to  increase  the  safctv  of  the  miner. 
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In  coal  mining  the  United  States  Coal  and  Coke  Company  of 
W.  Va.,  subsidiary  of  the  Steel  Corporation,  has  been  very  active 
in  its  campaign  for  safety.  The  success  with  which  they  ha\«.' 
met  is  due  to  the  adoption  of  the  following  four  practices. 

1.  The  employment  of  assistant  mine  foremen,  each  having 
charge  of  25  to  35  men. 

2.  Introduction  of  a  premium  system,  which  encourages  fore- 
men and  their  assistants  to  be  on  the  alert  for  bad  practice. 

3.  Systematic  timbering. 

4.  Adherence  to  standard  methods  in  laying  track,  bonding 
rails,  hanging  trolley  wires,  etc. 

The  company  engineers  have  written  a  book  of  rules  and  regu- 
lations covering  all  operations,  both  underground  and  on  the  sur- 
face, and  a  copy  is  given  to  each  mine  foreman  and  his  assistant. 
The  latter  are  assigned  certain  districts  underground  and  are 
expected  to  examine  the  places  where  men  are  to  work  for  gas 
and  dust,  see  that  the  roof  is  in  good  condition  and  to  compel 
the  men  to  work  according  to  standard  requirements  which  in- 
clude such  things  as  loading  holes,  firing  shots,  building  brattices, 
in  fact,  all  that  pertains  to  their  daily  work.  The  assistant  must 
check  the  men  in  and  out  of  the  mine  also. 

The  premiums  given  to  the  "boss"  and  his  "straw  boss"  in- 
duce them  to  fulfill  their  duties  to  the  very  best  of  their  ability. 
The  premium  is  outside  of  the  regular  wage  and  amounts  to 
$5  to  $10  a  month,  depending  upon  the  number  of  accidents 
which  occur  in  the  district. 

To  lessen  the  accidents  from  falls  of  roof  which,  as  noted 
earlier,  cause  the  most  deaths,  systematic  timbering  must  be  re- 
sorted to.  In  the  W.  Virginia  coal  fields  experience  has  shown 
that  for  roadways,  posts  set  3  feet  on  centers,  with  6  foot  caps 
at  right  angles  to  the  track  sustain  the  roof  satisfactorily.  In 
rooms  props  must  not  be  placed  at  a  greater  distance  than  6  feet 
from  the  coal.  There  is  no  doubt  that  in  many  places  props 
twice  that  distance  from  the  coal  would  provide  ample  safety, 
hence  at  first  thought  it  may  appear  as  though  timber  is  wasted. 
However,  it  is  better  to  have  a  margin  on  the  side  of  safety.  If 
the  miner  were  allowed  to  use  his  judgment  there  is  no  doubt  that 
he  would  not  timber  sufficiently,  preferring  to  take  a  chance 
with  his  life  for  the  sake  of  a  gain  in  time  which  increases  his 
tonnage,  hence  his  daily  earnings.     Those  who  know  the  nature 
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ui  the  miner  nri'''  ^'  ''><•  chances  he  will  take  to  do  just  such 
a  thinp. 

In  many  metal  mmes  in  the  West  timber  is  used  \ery  sparingly, 
the  result  l>einp  a  high  death  rate  from  falls  of  rock.  The  only 
precaution  the  miner  can  take  is  that  of  "barring"  down  loose 
pieces  immediately  above  his  working  place.  However,  as  many 
slopes  are  50  feet  or  more  in  height  the  impossibility  of  "barring'" 
is  obvious.  In  such  a  case  the  miner  must  take  a  chance.  Quite 
frequently  injury  or  death  results.  Where  the  rock  must  be 
supjMirted  by  the  square-set  method  of  timbering,  accidents  from 
falls  are  less  numerous.  This  method  is  not  used  unless  con- 
ditions are  very  bad  because  of  its  great  cost,  hence  often  the 
miner  is  exposed  to  great  risk. 

The  practice  followed  in  the  mines  of  the  U.  S.  C.  &  Coal  Co. 
can  l>e  applied  to  any  coal  mine,  varying  the  details,  of  course, 
to  suit  local  conditions. 

The  bulk  of  this  discussion  was  given  over  to  safetj'  in  coal 
mining  because  to  us,  in  Illinois,  it  is  most  important.  Many  of 
the  suggestions  apply  equally  well  to  metal  mining.  Further- 
more, outside  of  precautions  taken  on  the  surface  in  the  machine 
shops,  mills  and  power  plants  of  metal  mines,  the  Safety  First 
Movement  is  making  slow  headway  there,  if  one  can  judge  cor- 
rectly by  the  attention  it  is  receiving  in  the  technical  press. 

Results  obtained  in  W.  Virginia  in  the  mines  of  the  United 
States  Coal  &  Coke  Co.,  have  been  good,  but  a  bit  disappointing. 
In  four  years,  fatalities  have  declined  from  one  for  each  100, 
000  tons  to  one  for  each  400,000  tons  of  coal  extracted.  During 
the  first  three  months  of  191 3  there  were  no  fatal  accidents  at 
any  of  the  12  mines  operated  by  the  company.  The  total  pro- 
duction for  this  period  was  over  a  million  tons  of  coal. 

Though  progress  has  not  been  rapid,  in  some  cases  even  a 
bit  disappointing,  there  is  no  doul>t  that  a  step  in  the  right  di- 
rection has  been  taken. 

W.   Leriche,   '14. 

SAFETY  FIRST  IN  RAILROADS 
'Hiis  great  movement  was  started  by  Mr.  R.  C.  Richards  of 
the  Chicago  &  Northwestern  Railway  in  January,  191 1,  and  since 
that  time  has  spread  to  more  than  fifty  railroads  in  the  United 
States,  controlling  200,000  miles  of  track,  more  than  three-fourths 
of  the  tntal  mill-age  in  the  United  States.     Universal  interest  is 
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being  shown  in  this  movement.  From  time  to  time  Mr.  Richards 
receives  letters  from  people  interested  in  safety  on  roads  in 
foreign  countries.  It  was  after  thirty  years  of  careful  study  of 
accidents  and  their  causes  that  the  great  crusade  against  care- 
lessness was  started.  Railroads  in  191 1  paid  on  account  of 
injuries  to  persons  during  that  year,  the  sum  of  $25,979,747  or 
.946%  of  their  gross  earnings  ;  and  for  loss  and  damage  to  property 
$33-978-746  or  1.238%  making  nearly  $60,000,000  or  2.19%  of 
their  gross  earnings.  Most  of  this  loss  was  due  to  carelessness 
of  persons  in  little  things,  things  that  were  thought  to  be  of  no 
great  importance.  The  magnitude  of  the  little  things  can  be 
m.ore  clearly  shown  by  the  following  statistics.  In  1912  onlv 
i97c  of  the  employees  fatally  injured  on  the  Baltimore  &  Ohio 
Railroad  were  injured  in  train  accidents,  while  the  other  81  %' 
were  due  to  the  so  called  little  accidents.  The  Interstate  Com- 
merce Commission  report  of  1912  shows  that  of  the  10,185 
persons  killed  and  77,175  injured  on  railroads  in  1911-12,  only 
859  met  death  and  17,073  were  injured  in  big  accidents  such  as 
collisions,  derailments,  boiler  explosions,  etc.  The  little  things 
for  which  most  accidents  are  responsible  are  caused  by  such  things 
as  exposed  nails,  carelessness  in  coupling  or  braking  cars,  hop- 
ping cars,  and  throwing  rubbish  from  car  windows ;  all  of  which 
are  done  unthoughtfully.  Still  they  help  to  swell  the  list  of 
killed  and  injured  each  year.  In  1911-12  over  900  persons  were 
killed  and  6,600  were  injured  from  falling  off  cars  and  engines. 
4.000  were  struck  by  trains  in  switch  yards,  and  out  of  this 
number  2,038  were  killed.  So  the  list  continues.  All  these 
accidents  are  due  to  the  things  that  most  people  consider  of  no 
great  importance. 

A\'ith  the  advent  of  the  Safety  First  Movement  which  has  made 
more  careful  and  efficient  employees,  the  percentage  of  killed  and 
injured  has  been  greatly  decreased.  The  first  twenty  months  of 
operation  of  Safety  First  on  the  Chicago  and  Northwestern  Rail- 
.way  showed  the  following  decreases  below  the  corresponding 
previous  twenty  months : 

Killed  Injured 

No     %  No     % 

Employees   47    27.9       447^     3i-4 

Passengers   8    36.6         217    16 

Other  persons   97    24.3         157    15.4 

The   records  of  the  Chicago,   Burlington  &  Quincy  Railroad 
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showed  35  to -45  injured  each  month  by  exposed  nails,  but  after 
the  5iafety  hrst  was  started  only  about  15  were  reported.  The 
siafctv  first  campaign  has  been  a  great  success,  but  there  is  no 
reason  why  it  should  not  show  a  decrease  of  50%  or  6o9<  instead 
of  3oVi   after  the  organizing  is  perfected. 

The  success  of  the  movement  was  assured  when  the  employees 
were  made  to  realize  their  own  responsibility,  and  to  what  extent 
their  own  safety  was  involved.  In  order  to  reach  all  the  men 
concerned,  Mr.  Richards  would  talk  to  the  men  in  small  groups 
in  shops,  roundhouses,  or  in  large  gatherings.  This  was  only 
necessary  while  the  safety  first  plan  was  in  its  infancy.  On  each 
of  the  seventeen  divisions  of  the  Northwestern  line  committees 
have  l)een  organized  whose  duty  it  is  to  take  up  all  subjects  con- 
cerning safety  that  may  come  up.  These  committees  meet  once 
a  month  for  an  all  day  session  at  which  papers  are  read  and  all 
matters  that  tend  to  make  travel  safer  are  discussed.  Each  em- 
ployee of  the  road  is  encouraged  to  make  suggestions  and  submit 
them  to  these  committees.  In  addition  to  these  separate  com- 
mittees there  is  a  central  committee  which  takes  up  things  that 
concern  the  whole  system.  The  first  year  that  this  system  was 
in  force,  5.000  subjects  were  discussed  and  acted  upon,  and  in 
the  first  two  years,  200  changes  were  suggested  and  made  that 
affected  the  whole  system.  Practically  the  same  system,  as  em- 
ployed by  the  Northwestern  line,  is  in  effect  upon  other  railroads 
that  are  advocating  this  movement.  About  a  year  ago  a  great 
safety  meeting  was  held  in  Kansas  City  at  which  fourteen  roads 
were  represented  by  500  officials  and  9,000  employees  with  their 
wives  and  children.  This  was  an  all  day  meeting  and  many 
interesting  talks  were  made.  The  main  speaker  of  the  day  was 
Mr.  Richards,  the  pioneer  of  the  safety  first  movement. 

There  are  many  ways  in  which  the  danger  of  carelessness  is 
impressed  upon  those  concerned,  ^\■hen  an  employee  receives 
his  pay  check,  a  sticker  is  attached  to  it  with  a  reminder  such 
as:  "It  is  better  to  be  careful  than  to  be  crippled."  or  "Boost, 
for  safety  first,"  "not  safety  second,  or  safety  last,  but  always 
and  everywhere  safety  first."  There  are  many  similar  notices 
I>ostvd  around  shops,  roundhouses,  stations  or  any  place  where  pas- 
sengers as  well  as  employees  will  see  them.  These  are  not  given 
as  commands  from  the  officials  of  the  company,  but  just  as  golden 
rule  hints  from  the  Iwys  that  are  on  the  committees  and  are  study- 
ing these  matters.     The  great  railroads  of  the  countrv  are  show- 
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ing  their  interest  in  safety  by  sending  safety  first  cars  over  their 
systems  and  lecturing  and  showing  pictures  to  audiences,  and 
pointing  out  the  danger  of  carelessness.  In  addition  many  roads 
are  offering  rewards  for  safety  devices  that  will  help  to  make 
travel  safer.  The  automatic  stop  devices  are  good  examples  of 
improvements  of  this  kind.  There  are  two  kinds  of  automatic 
stop  devices  that  work  in  connection  with  the  block  signal  sys- 
tems ;  one  invented  by  Fredrick  LaCroix  and  another  used  by 
the  Pennsylvania  Railroad  on  a  five  mile  track  just  out  of  Pitts- 
burgh. There  are  other  safety  devices  used,  such  as  automatic 
couplers,  block  signal  systems,  guarded  foot  and  hand  holts,  and 
all-steel  coaches. 

The  safety  first  system  has  decreased  the  number  of  killed  and 
injured,  and  at  the  same  time  has  increased  the  profits  of  the 
company.  This  is  a  very  desirable  state  of  affairs  as  far  as  the 
stock  holder  is  concerned  and  of  course  everything  within  reason 
is  being  done  to  bring  about  better  conditions.  The  railroads 
are  doing  all  in  their  power  to  make  more  efficient  w^orkmen 
and  safer  means  of  travel,  but  passengers  must  be  careful  also, 
if  the  best  results  are  to  be  obtained. 

James  A.  Wilson,  '14. 


The  time  is  at  hand,  however,  when  the  engineer  should  be  so 
educated  as  to  appreciate  the  artistic  possibilities  in  his  product, 
and  to  exhibit  an  aesthetic  sense  in  design.  When  the  great  engi- 
neering feats  of  today  become  the  ordinary  products  of  tomorrow, 
the  public  will  demand  beauty  of  design,  as  well  as  rigidity  and 
utility  of  construction  and  installation. 

A.  C.  Scott. 
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EDITORIAL 

TIME  AND  PLACE  SCHEDULES  FOR  STUDY 
AmonjT  the  hits  of  fatherly  advice  passed  out  to  a  freshman 
shortly  after  entering  college  one  will  remember  the  statement 
given  with  such  axiomatic  certainty  of  its  wisdom  "A  place  and 
time  for  everything,  and  everything  in  its  time  and  place."  The 
conscientious  efforts  made  to  obey  the  commands  of  this  rule  and 
the  anxiety  caused  by  a  failure  to  observe  its  dictates  to  which 
were  attributed  poor  recitations  and  flunks  will  also  be  recollected. 
Possibly  the  determination  to  abide  by  a  time-and-place  schedule 
slackened  before  the  end  of  our  first  semester  and  perhaps  before 
the  year  closed  to  do  so  was  even  looked  upon  as  futile.     This 
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was  the  attitude  finally  taken  by  some  men,  who  then  may  have 
disregarded  the  rule  entirely  with  the  result  that  their  study  tables 
became  typical  "student  tables"  upon  which  were  heaped  in  grand 
profusion  everything  from  tablets  to  tennis  rackets. 

There  were,  however,  others  who  analyzed  the  rule  and  found 
that  it  consisted  of  two  distinct  parts,  a  place  schedule  and  a 
time  schedule.  With  this  idea  in  mind  they  decided  to  give  it  a 
new  trial  and  see  wherein  the  fault  lay.  A  place  was  found 
for  everything,  books  were  kept  in  the  rack,  ink  at  one  corner 
of  the  table,  tablets  at  the  other,  pens  and  pencils  in  the  table 
drawer,  notes  and  problems  were  carefully  filed,  etc.  Consider- 
able efficiency  was  acquired  because  the  time  lost  in  looking  for 
an  object  was  reduced  to  a  minimum.  The  first  part  of  the  rule 
proved  helpful. 

On  the  other  hand,  the  attempt  to  follow  the  time  schedule 
was  still  futile  and  it  was  eventually  abandoned.  A  search  for 
the  causes  that  made  it  impractical  and  inefifective  showed  the 
following  facts : 

College  life  is  not  "the  simple  life."  There  are  many  attrac- 
tions to  claim  our  attention.  We  must  continually  work  under 
pressure  to  be  able  to  crowd  in  the  different  lectures,  shows,  and 
athletic  contests.  These  all  break  into  a  time-schedule  in  which 
provision  cannot  be  made  for  diversions,  as  these  are  not 
announced  far  enough  in  advance  to  allow  us  to  make  an  ad- 
justment in  the  schedule.  Their  very  irregularity  must  necessar 
ily  disarrange  any  system.  Secondly,  assignments  in  the  same 
subject  are  not  equally  easy  or  difficult  day  after  day.  A  mathe- 
matics lesson  may  require  a  half-hour  preparation  one  day  and 
the  solution  of  a  number  of  problems  may  consume  the  greater 
part  of  an  evening  the  next  day.  One  subject  will  and  should 
encroach  upon  the  time  limits  of  the  other  in  proportion  to  the 
preparation  demanded  at  the  time.  The  third,  and  perhaps  the 
most  important  reason  why  the  time  schedule  is  ineffective,  is  the 
attitude  of  mind  created  by  the  idea  that  one  thing  must  be  done 
at  such  a  time  and  another  thing  at  another  time,  in  place  of  doing 
immediately  that  which  the  material  and  conditions  at  hand  will 
allow.  A  secret  of  success  in  study  as  well  as  in  other  activ- 
ities consists  in  doing  now  that  which  has  to  be  done.  Another 
factor  that  enters  into  success  lies  in  the  ability  to  weigh 
judiciously  the  relative  importance  of  two  conflicting  engage- 
ments.    This  faculty  of  judgment  is  not  developed  by  adhering 
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10  a  pre-determined  schedule  which  cannot  be  violated.  Only 
when  the  will  is  given  free  play  to  select  the  immediate  occu- 
pation and  to  decide  upon  the  course  of  action  can  that  which 
is  necessar>-  be  separated  from  the  unnecessary.  By  doing  im- 
mediately that  which  requires  most  attention,  the  entire  course 
of  the  day  is  completely  filled  in  and  study  will  receive  the  con- 
sideration due  it. 


PROMINENT  ENGINEERS  ON  SPECIALIZATION 
The  eiigiiK-tT  must  be  a  man  of  broad  view.  He  has  large 
things  to  do  in  every  part  of  his  work,  large  undertakings  to  be 
carried  out,  large  investments  of  capital  to  be  properly  expended  ; 
and  no  small  man  can  do  these  large  things  well.  For  this  reason 
I  think  his  training  at  school  should  not  be  narrowed  down  to 
a  specialty  but  that  he  should  have  a  broad  culture,  one  that 
will  tend  to  help  him  in  these  lines  and  to  make  him  fit  to  do  what 
he  must  do  in  life  if  he  is  to  succeed. 

M.  J.  RiGGS,  C.  E. 


It  is  in  lack  of  a  broad  appreciation  of  the  real  meaning  of 
success  that  the  engineer  makes  his  greatest  mistake,  leading  to 
the  narrow  type  of  our  early  characterization.  \\'hatever  broad- 
ens the  whole  man  must  necessarily  fit  him  for  his  special  work. 

Frank  H.  Constant. 


Education  is  not  the  learning  of  a  trade  or  a  profession,  but 
the  development  of  the  intellect  and  broadening  of  the  mind  af- 
forded by  a  general  knowledge  of  all  the  subjects  of  interest  to 
the  human  race 

It  must  be  realized,  however,  that  the  value  of  the  specialist 
in  the  social  organism  is  in  direct  proportion  to  the  general  knowl- 
edge which  he  possesses. 

Ch.\rles  p.  Steinmetz. 


SUCCESSFUL   MEN   ON  SUCCESS 

Do  not  make  the  very  common  mistake  of  measuring  success 
by  the  amount  of  money  you  can  earn.  One  must  have  money 
and  enough  to  Hve  on,  but  it  is  not  the  all  important  thing  at 
the  beginning  of  life.  It  becomes  really  important  only  when 
one's  working  days  are  drawing  to  a  close. 

Dr.  M.  E.  Coolf.v. 


An  engineer's  success  in  life  depends  greatly  upon  two  things : 
First,  the  thoroughness  with  which  he  has  pursued  his  studies  at 
his  technical  school;  and,  second,  the  start  that  he  makes  im- 
mediately after  leaving  there. 

J.  A.  L.  Waddell. 


I  look  upon  that  man  as  happy,  who.  when  there  is  a  question 
of  success,  looks  into  his  own  work  for  a  reply ;  not  into  the  mar- 
ket, not  into  opinion,  not  into  patronage.  Work  is  victor}'.  You 
want  but  one  verdict,  if  you  have  your  own  you  are  sure  of  the 
rest. 

Ralph  ^^'ALDO  Emersox. 


Success  is  not  measured  by  what  a  man  accomplishes,  but  by 
the  opposition  he  has  encountered  and  the  courage  with  which  he 
maintained  the  struggle  against  overwhelming  odds. 

Robert  Burns. 


You  will  find  as  you  go  through  life  that  earnestness  of  purpose 
is  the  mainspring  of  success,  and  that  if  you  set  your  mind  on 
attaining  any  object  within,  you  will,  if  you  keep  on  trying, 
eventually  succeed  in  attaining  it. 

J.  A.  L.  Waddell. 


The  question  for  each  man  to  settle  is  not  what  he  would  do 
if  he  had  the  means,  time,  influence  and  educational  advantages; 
the  question  is  what  will  he  do  with  the  things  he  has.  The 
moment  a  young  man  ceases  to  dream  or  to  bemoan  his  lack  of 
opportunities  and  resolutely  looks  his  conditions  in  the  face,  and 
resolves  to  chance  them,  he  lays  the  corner-stone  of  a  solid  and 
honorable  success. 

Hamilton  \\'right  Mabie. 


DEPARTMENT  NOTES 

E.    E.    SOCIETY 

The  first  joint  meeting  of  the  A.  I.  E.  E.  and  the  E.  E.  societ>- 
was  held  Jan.  i6.  1914.  Mr.  Belt,  a  graduate  student  in  E.E.. 
reviewed  an  article  on  The  Use  of  Electricity-  in  Gas  Motor  Cars, 
written  by  Waller.  Following  this  there  was  a  general  discussion 
in  which  many  of  the'  students  showed  how  well  they  had  used 
their  summer  vacations. 

In  the  next  meeting,  held  Jan.  22.  the  first  semesters  work 
was  woimd  up.  The  treasurer's  report  showed  a  balance  in  the 
treasurv  of  Si 39. 16-  A  hotly  contested  election  of  officers  for 
the  second  semester  followed.  The  final  result  was :  President. 
H.  R.  Tear:  Vice-president,  E.  A.  Williford;  Secretar>-.  R.  \'. 
Waller,  and  Treasurer,  H.  H.  Henline. 

EHie  to  various  causes  there  has  been  but  one  meeting  the  sec- 
ond semester.  It  was  held  Feb.  14  at  11  A.  M.  in  the  E.  E. 
lecture  room.  Mr.  F.  H.  Millener  was  the  speaker  and  gave  a 
ver\-  interesting  though  non-technical  discussion.  His  subject 
was  "Light  Waves — ^\''isible  and  Invisible".  He  is  experimental 
engineer  for  the  Union  Pacific  railroad  and  most  of  his  discus- 
sion dealt  with  experiments  on  wireless  conmiunication  with 
moving  trains  w^hich  this  road  is  carrying  on. 

The  E.  E.  faculty-  has  been  again  increased  by  the  addition  of 
Mr.  C.  R.  Moore.  Mr.  Moore  was  graduated  from  Purdue  Uni- 
versity- in  1907  and  since  them  has  been  engaged  both  in  com- 
mercial work  and  as  instructor.  He  received  his  E.  E.  degree  in 
1910  and  is  a  member  of  Tau  Beta  Pi,  Eta  Kappa  Xu.  and 
Sigma  Xi  fraternities. 

Many  E.  E.'s  have  been  reminded  of  the  last  E.  E.  show  by 
the  loud  snapping  as  the  200.000  volt  transformer  causes  a  rupture 
to  occur  between  the  large  brass  balls.  The  transformer  has  been 
well  caged  in  and  two  postgraduate  students,  Wolf  and  Math- 
ews, are  now  running  a  series  of  tests  on  it. 

E.  A.  James,  '15. 


C.  E.  SOCIETY 

Owing  to  the  lectures  of  the  short  course  in  Highway  Engi- 
neering the  C.  E.  Oub  did  not  have  its  usual  number  of  talks 
during  the  last  three  months  but  devoted  most  of  the  time  to  club 
business  and  to  the  election  of  new  officers. 
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At  one  of  the  meetings  Mr.  N.  B.  Garver,  Associate  in  Civil 
Engineering,  gave  a  very  interesting  illustrated  lecture  on  Con- 
crete Highway  Bridge  Construction.  At  another  meeting  Mr. 
J.  J.  Woltmann  gave  an  interesting  talk  on  The  New  Sewerage 
System  at  Anna,  Illinois. 

The  officers  elected  for  the  present  semester  are  :  F.  T.  Sheets, 
President;  W.  H.  Boyer,  Vice-president;  F.  W.  Panhorst,  Secre- 
tary; R.  F.  Reilly,  Treasurer.  The  new  officers  took  their  re- 
spective posts  at  the  meeting  on  Feb.  20. 

J.  E.  Demuth,  '15. 


M.  E.  society 

At  a  special  meeting  of  the  A.  S.  M.  E.  society  held  on  Febru- 
ary 17,  the  following  officers  were  elected  for  the  coming  semester : 
C.  R.  Velzy,  President;  J.  A.  Wilson,  Vice-president;  J.  L.  Alden, 
Treasurer;  and  E.  F.  Gehrig,  Secretary-. 

At  a  former  meeting  Professor  Moore  of  the  T.  &  A.  M.  De- 
partment gave  an  illustrated  'talk  on  "The  Fatigue  of  Metals." 
Professor  Moore  disproved  by  actual  experiment,  during  the 
course  of  his  talk,  the  old  theory  regarding  fatigue  of  metals, 
namely  that  the  material  cracked  around  the  crystals,  by  repeat- 
edly stressing  a  piece  of  wrought  iron  beyond  its  elastic  limit 
while  watching  its  action  on  the  cr^'stals  through  a  microscope. 
Cracks  were  soon  visible  across  the  face  of  the  crystals. 

H.  E.  Austin,  '15. 


Mining  Department 

While  the  "Soldiers"  were  tripping  merrily  at  the  Military  Ball 
on  Feb.  20,  the  "Miners"  were  pulling  away  on  old  stogies  at  one 
of  the  most  successful  smokers  that  they  ever  attempted.  An 
unusually  large  number  of  new  men  registered  in  mining  this 
semester  and  they  were  welcomed  into  their  new  profession  at 
this  gathering  by  the  older  members.  There  was  the  usual  abun- 
dance of  eats,  drinks,  and  smokes  that  marks  the  mining  smokers. 
The  most  interesting  part  of  the  program  was  the  speeches  which 
were  very  cosmopolitan  in  their  nature,  three  continents  being  rep- 
resented. 

The  situation  of  the  copper  strike  in  the  upper  peninsula  of 
Michigan  was  very  ably  discussed  by  Professor  Young,  former 
Director  of  the  Missouri  School  of  Mines.     Professor  Young  is 
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making  laUji' irDuMes  a  special  study  and  thus  he  was  able  to 
brinj;  out  many  points  that  one  would  not  get  by  following  the 
daily  papers. 

A  talk  which,  though  non-technical,  was  xexy  interesting  was 
given  bv  Thos.  Hall  about  mining  and  living  conditions  on  the 
Rand,  South  Africa.  Mr.  Hall  worked  in  the  chemical  depart- 
ment of  one  of  the  large  gold  mining  companies  there  and  his 
duties  twjk  him  into  all  parts  of  the  underground  workings.  He 
also  described  the  customs  of  the  natives  which  are  very  peculiar. 

Mr.  S.  O.  .\ndros  of  the  Illinois  Coal  Mining  Investigations 
dcscril>ed  coal  mining  conditions  in  Euro[)e.  Mr.  Andros  speni 
some  time  in  England  and  France  making  a  study  of  foreign 
methods  of  mining.  For  this  reason  he  was  able  to  point  out 
marked  difTereiiccs  between  luiropean  and  American  methods  of 
mining  coal. 

The  duties  of  a  mine  surveyor  were  outlined  by  Mr.  H.  E. 
Wiflson  who  was  with  the  engineering  corps  of  the  McKell  Coal 
Company  at  McKell.  West  Virginia,  for  several  years. 

At  a  meeting  of  the  Mining  Society  on  Jan.  2/,  the  following 
officers  were  elected  for  the  second  semester:  President,  L.  R. 
Picll ;  First  Vice-president.  \\'.  Leriche;  Second  Vice-president. 
J.  G.  Roberts;  .'secretary.  H.  L.  StaflFord ;  Treasurer,  J.  E.  Mac- 
Donald. 

Bradley  Stoughton.  secretary  of  the  American  Institute  of  Min- 
ing Engineers,  visited  the  Mining  Department  on  Feb.  25.  It  had 
been  the  intenti(jn  of  the  student  branch  of  that  organization  to 
tender  him  a  bancjuet  but  owing  to  the  ban  of  the  Council  of 
.Administration  on  University  activities  during  the  scarlet  fever 
scare  it  was  not  held.  All  arrangements  had  been  made  and  it 
was  a  disappointment  to  all  interested  in  mining  that  it  was  pre- 
vented. 

At  the  next  meeting  of  the  mining  society  Mr.  R.  Y.  Williams 
will  give  a  lecture  upon  the  coal  fields  of  Alaska  which  will  be 
illustrated  by  a  number  of  slides.  These  slides  which  were  pre- 
pared from  photographs  taken  by  Mr.  \\illiams  while  in  Alaska 
will  then  be  showii  here  fr.r  the  first  time  publicly. 

.*^.  T.  W'ali-AGE,  '15. 


THE    KAILVVAV    {  LUB 

Ou    lamiaiy  «>  tin-  Club  had  the  pleasure  of  listening  to   Mr. 
I-'eatherstone's   talk   on    South    American    raihvavs.     Aside    from 
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the  individuality  of  each  road,  the  country  which  it  traverses,  the 
peculiarities  of  the  towns  and  villages  which  arc  along  the  road, 
the  characteristics  of  the  passengers,  which  were  given  by  the 
speaker,  the  chaotic  conditions  of  the  railroads  in  South  America 
were  emphasized.  One  thing,  judging  from  the  information  given 
by  Mr.  Featherstone,  is  certain,  that  a  Harriman  is  greatly  needed 
to  combine  and  standardize  the  numerous  small  lines  into  a  uni- 
form system,  and  to  establish  through  routes  from  one  little  re- 
public to  another. 

Professor  M.  H.  Robinson  gave  his  talk  on  January  22.  The 
topic  was  "Physical  Valuation  of  Railroads."  As  is  always  the 
case  when  Professor  Robinson  speaks,  a  large  attentive  audience 
was  on  hand.  Little  need  be  said  about  the  speech  here,  since 
the  paper  will  be  published  in  the  next  issue  of  The  Tech  no- 
graph. 

This  being  the  last  meeting  of  the  semester  the  new  officers 
were  elected  as  follows:  J.  A.  Wilson,  '14,  President;  C.  J.  An- 
derson, '15,  Vice-president;  S.  V.  Winquist,  '14,  Treasurer;  H.  E. 
Smith,  '17,  Secretary. 

All  signals  reading  "clear",  the  new  administration  passed  into 
the  second  block  without  loss  of  speed.  The  first  meeting  of  the 
second  semester  was  held  on  February  20.  Mr.  G.  E.  Jacquet, 
'08,  gave  an  interesting  talk  upon  "Some  Experiences  with  an 
Eastern  Railway".  The  gigantic  task  of  the  electrification  of  the 
New  York  Central  Terminal  in  the  heart  of  New  York  City,  the 
elaborate  plans,  the  large  organization  and  the  methods  of  test- 
ing the  apparatus  used  was  explained  in  detail  by  the  speaker. 
The  Club  was  especially  interested  in  Mr.  Jacquet's  personal  ex- 
periences as  they  are  what  the  graduate  may  expect  to  meet  in 
his  early  career. 

Nothing  new  in  the  School  of  Railway  Engineering  and  Ad- 
ministration for  the  second  semester.  The  popularity  of  this 
school  is  spreading.  One  more  foreign  student  and  a  few  new 
ones  from  other  universities  have  registered  in  the  course  of  Rail- 
way Administration  and  it  will  not  be  very  long  when  more  sec- 
tions will  have  to  be  added.  Max  Rukin,  '15. 


SIGMA  TAU 

On  Saturday  evening,  Feb.  2j,  a  local  chapter  of  Sigma  Tau, 
a  national  engineering  fraternity,  was  formally  installed.     Mr. 
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F.  A.  Wirt  of  the  State  Agricultural  College  of  Manhattan,  Kan- 
sas, was  sent  here  In  the  fraternity  to  install  the  chapter.  Co- 
oi)erating  with  him  were,  Dean  Richards.  Prof.  A.  B.  McDan- 
icls,  and  Walter  W'ohlenherg  of  the  Experiment  Station  and  a 
mcmlier  of  the  organization's  supreme  council. 

Sigma  Tau  was  founded  at  the  University  of  Nebraska  in  1904. 
Including  the  Illinois  chapter,  the  fraternity  now  has  seven  active 
chapters.  Its  membership  is  restricted  to  juniors  and  seniors  in 
the  College  of  Engineering  who  are  elected  on  the  strength  of 
their  qualifications  as  promising  engineers  as  shown  partly  by 
scholarship  and  partly  by  accomplishments  and  interest  in  engi- 
neering work. 

The  charter  members  are  J.  W.  Bass,  J.  C.  Butler,  F,  H.  Bulot, 
A.  ( ionsior.  J.  M.  Fetherston,  A.  Elmendorf,  L.  A.  Liggett,  J.  E. 
McDonald,  H.  E.  Pengilly,  J.  C.  Phelps,  E.  S.  Scott,  C.  H.  West- 
cott.  N.  K.  Wilson. 


I  would  counsel  the  young  engineer,  fixing  his  ideal  at  nothing 
less  than  the  fullest  development  of  the  whole  man,  to  let  a  love 
for  knowledge  -for  truth  as  seen  from  many  sides — spring  uj) 
and  grow  alongside  of  his  enthusiasm  for  engineering.  Espec- 
ially should  he  seek  the  so-called  humanities,  which  teach  of 
man's  relation  to  man,  for  here  he  will  find  the  mainspring  of 
human  action.  Students  of  engineering  should  not  avoid  but 
welcome  occasional  subjects  from  this  group. 

Frank  H.  Constant. 

The  whole  of  your  life  must  be  spent  in  your  own  company  and 
only  the  educated  man  is  good  company  to  himself. 

David  Starr  Jordan. 

Absence  of  occupation  is  not  rest, 

A  mind  quite  vacant  is  a  mind  distressed. 

Cooper. 


GLEANINGS  FROM  THE  EXAMINER'S  DESK 

BRILLIANT    DEFINITIONS   AND   OTHLRWISE 

An  injector  is  used  to  create  a  draft  in  an  engine  flue,  to  draw- 
water  into  a  boiler,  and  sometimes  to  blow  steam  into  a  condenser. 

Head  end  is  the  end  of  the  cylinder  towards  the  head  end  of  the 
engine.  In  a  sketch  of  a  boiler  or  engine  the  head  end  is  usually 
towards  the  left.     It  is  the  one  which  is  opposite  the  back  end. 

Mechanical  equivalent  of  heat  is  the  amount  of  work  necessary 
to  convert  a  pound  of  water  into  a  B.  t.  u. 

The  lead  is  the  position  of  the  D —  valve. 

Anything  which  helps  increase  the  economy  of  a  plant  is  an 
economizer.     For  example,  an  ash  sifter. 

The  feed  water  heater  is  used  to  prevent  boiler  condensation. 

The  lap  is  the  amount  the  port  moves  after  it  is  opened  before 
it  is  closed. 

The  heat  of  the  liquid  is  the  heat  necessary  to  raise  the  tern 
perature  of  a  pound  of  water  from  the  freezing  point  to  32°  F. 

Factor  of  evaporation  is  the  unit  of  heat  required  to  evaporate 
one  pound  of  water  into  steam  at  32°. 

A  syphon  is  a  very  simple  device  and  is  used  very  much  to 
water  flower  gardens. 

— 273  is  absolute  zero  because  you  can  heat  a  body  that  cold 
and  no  colder. 

Governing  lessens  the  supply  the  higher  the  speed.  Thus  the 
engine  is  prevented  from  running  away  from  itself  and  causing 
a  mash-up. 

A  pop  safety  valve  is  put  usually  at  the  top  of  the  boiler  to  reg- 
ulate the  amount  of  exhaust  steam  escaping  from  the  boiler. 
The  pop  safety  valve  will  give  warning  when  necessary. 
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THE  PHYSICAL  VALUATION  OF  RAILWAYS 

BY  ^L\URICE  H.  ROBIXSOX,   PH.D. 

Professor  of  Industry  and  Transportation 

The  enactment  of  a  law  by  the  Congress  of  the  United  States 
providing  for  a  physical  valuation  of  railways  in  the  United 
States  has  given  the  subject  more  than  an  academic  interest.  In 
view  of  this  fact,  it  is  desirable  that  the  subject  should  be  fully 
discussed  in  order  that  the  most  economical  and  most  efficient 
methods  of  valuation  be  adopted  by  the  Interstate  Commerce 
Commission. 

It  is  evident  that  a  valuation  of  any  individual  railroad,  or  the 
railroads  of  any  given  state,  or  the  railroads  of  the  entire  United 
States,  may  be  undertaken  for  any  one  of  a  number  of  different 
purposes,  and  that  the  purpose  for  which  the  valuation  is  made 
will  have  an  important  effect  upon  the  scope  and  character  of 
the  work  necessary  to  secure  the  valuation.  The  chief  purposes 
may  be  classified  as  follows : 

1.  To  acertain  whether  the  railroad  or  railroads  are  solvent. 

2.  To  ascertain  whether  over-capitalization  has  been  practiced! 
in  the  past  and  to  prevent  over-capitalization  in  the  future. 

3.  For  adjusting  the  burden  of  taxation. 

4.  To  serve  as  a  basis  for  purchase  in  case  the  public  owner- 
ship of  railroads  has  been  determined  upon. 

5.  To  enable  rate-making  authorties  to  properly  determine 
whether  rates  are  fair  as  between  railroads  and  the  shippers  and 
whether  they  are  adequate  for  the  proper  maintenance  of  the 
railroad  service. 

It  is  also  evident  that  while  the  purpose  to  be  attained  will 
have  an  important  effect  upon  the  method  of  valuation,  there  are 
several  methods,  fundamentally  dift'erent,  which  may  be  used 
either  independently  or  concurrently  with  the  others  for  the  pur- 
pose of  ascertaining  the  value  of  the  property  sought. 

The  first  method  may  be  denominated  the  accounting  method, 
the  second  the  stock  exchange  method,  the  third  the  cost  of  pro- 
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<lucti""  •"■  >li«'  i""^i  <»f  rei)ro(luction  new.  or  the  cost  of  duplica- 
tion. 

The  acc.»uming  method  is  perhaps  most  (hrect  of  all.  If  the 
l)ooks  of  a  railroad  company  are  projjerly  kept  from  the  begin- 
ning, if  the  item.s  of  expenditure  have  properly  been  segregated 
so  that  all  items  properly  chargeable  to  capital  have  been  entered 
on  the  capital  account  and  all  items  properly  chargeable  to 
expense  have  been  entered  on  the  expense  account,  anrl  if  proper 
allowance  has  been  made  for  depreciation,  then  the  balance  sheet 
of  any  railmad  will  show  its  exact  value  at  any  given  date.  The 
ditticultv  encountered  when  jniblic  authorities  or  the  directors  of 
a  railroad  attempt  to  use  this  method  are  so  numerous  that  it  is 
not  often  available,  (ienerally  the  items  of  expenditure  have  not 
been  properly  distributed.  Consequently  it  would  be  necessary 
to  go  over  the  entire  history  of  the  railroad  and  to  make  a  re- 
<listribution  of  all  expenditures  before  any  reliance  could  be 
placed  uiK)n  the  valuation  as  given  in  the  accounts.  Furthermore, 
the  records  have  in  many  cases  been  destroyed,  so  that  it  is  often 
absolutely  impossible  to  use  this  method  at  all. 

The  stock  exchange  method  is  the  simplest  and  easiest  of  all, 
hut  it  is  on  the  whole  the  least  valuable.  It  is  not  proper  within 
the  limits  of  this  i)aper  to  discuss  the  idiosyncrasies  of  the  stock 
trxchange.  It  is  evident,  of  course,  to  any  one  who  follows  the 
market  that  the  intrinsic  values  of  railroad  properties  are  not 
changing  as  rapidly  as  the  market  value  of  the  stock.  Where 
this  method  is  used,  it  is  always  necessary  to  cover  a  con- 
siderable period  of  time ;  but  during  this  period  of  time  the 
physical  condition  of  the  particular  railroad  has  been  changing 
and  a  correction  for  such  changes  woukl  have  to  be  made  before 
the  average  value  could  be  taken.  Moreover,  the  stock  exchange 
method  gives  the  value  of  stock  and  must  be  corrected  for  bonds 
and  other  obligations.  lUit  these  are  not  the  vital  objections  to 
the  stock  exchange  method  of  valuation  for  purposes  of  public 
.sui>ervision.  The  value  of  a  railroad's  securities  is  determined 
by  the  profits  and  the  profits  are  determined  by  the  rates;  conse- 
c|ucntly.  while  the  stock  exchange  .method  may  be  available  for 
|)urposes  of  taxation  or  of  ascertaining  its  solvency,  it  is  not  a 
proper  basis  for  establishing  a  .system  of  rates. 

The  third  method  of  valuation,  that  of  ascertaining  the  cost  of 
production  or  the  cost  f»f  duplication,  is,  it  will  be  noticed,  the 
•  >nly  one  of  the  three  methods  which  rec|uircs  a  pliysical  valua- 
tion. .\  railroad  occupies  a  considerable  amount  o{  land,  includ- 
ing terminal  sites  and  right  of  way  through  the  country  districts. 
The  right  of  way  is  made  up  of  a  graded  bed  f(^r  the  tr.ick  and 
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usually  requires  a  considerable  amount  of  cutting  and  tilling.  ( )n 
this  road-bed  is  placed  a  track.  The  terminal  site  is  covered  with 
yards  and  buildings  of  various  kinds.  In  addition  to  the  land 
and  the  buildings,  a  railroad  possesses  an  equipment  made  up 
chiefly  of  engines  and  rolling  stock,  freight  and  passenger 
cars.  In  addition,  of  course,  it  usually  carries  a  considerable 
amount  of  supplies  on  hand,  is  provided  with  a  reasonable 
amount  of  working  capital,  and  in  some  cases  has  outside  invest- 
ments made  up  of  stocks  and  bonds  in  other  enterprises.  In 
order  to  obtain  a  valuation  of  a  railroad  on  the  basis  of  cost,  it 
is  necessary  first  of  all  to  make  a  complete  inventory  of  the 
railroad's  property,  specifying  by  classes  and  by  items  under  each 
class  each  individual  piece,  and  after  this  inventory  has  been 
.made,  to  place  a  value  upon  each  item  based  upon  its  original 
cost  less  a  proper  amount  for  depreciation.  Or  a  valuation  from 
the  physical  standpoint  may  be  obtained  by  an  estimate  of  what 
it  would  cost  to  buy  all  of  the  necessary  land,  grade  and  lay  the 
track,  erect  all  of  the  buildings,  construct  all  of  the  equipment 
and  provide  all  of  the  working  capital  which  the  railroad  pos- 
sesses. It  is  evident,  of  course,  that  the  results  of  these  two 
•processes  would  not  be  identical.  The  cost  of  a  right  of  way 
purchased  fifty  years  ago  is  very  different  from  the  cost  of  the 
same  right  of  w^ay  purchased  at  the  present  time.  On  the  other 
hand,  on  account  of  the  increase  in  price,  the  cost  of  erecting 
certain  buildings  or  providing  certain  parts  of  the  equipment 
would  be  very  much  greater  at  the  present  time  than  it  was  when 
such  buildings  and  equipment  were  provided.  Moreover,^  the 
buildings  and  the  equipment  of  any  railroad  are  not  all  new.  A 
portion  of  the  equipment  is  nearly  worn  out.  some  of  the 
buildings  are  old.  and  it  is  probable  that  in  many  cases  such 
buildings  must  be  torn  down  in  the  immediate  future  and  more 
commodious  ones  erected  in  their  place.  It  is  not  an  easy  matter 
to  determine  upon  the  exact  amount  of  depreciation  to  allow. 
Depreciation  may  be  due  to  any  one  of  several  causes.  We  are 
inclined  to  think  of  wear  and  tear  of  buildings  and  equipment  as 
the  principal  causes  of  depreciation.  This  is  only  one  of  the 
various  causes.  In  certain  cases  the  depreciation  due  to  the 
ravages  of  natural  forces  are  even  more  important  than  use,  and 
again  there  is  an  important  factor  that  has  not  yet  been  taken 
account  of — namely,  the  depreciation  due  to  cJjsolescence.  It 
is  probable  that  the  case  last  mentioned  is  less  important  in  the 
ordinary  steam  railroad  than  in  many  other  lines  of  work.  The 
old  engines  that  are  out  of  date  for  the  main  line  are  used  upon 
the  branch  lines.     The  same  is  true  of  the  equipment.     Dut,  not- 
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wJthstaiuling  ail  of  the  efforts  that  are  made  to  wear  out  all  of 
the  varieties  of  a  railway's  equipment,  there  is  a  considerable 
portion  that  must  be  thrown  away  while  still  in  a  fairly  good 
condition.  'The  physical  value  of  the  railway,  then,  will  depend 
uiK)n  not  only  the  method  of  valuing  land  and  the  materials,  but 
will  also  vary  radically  according  to  the  scale  of  depreciation 
which  is  adopted.  As  a  result  of  the  adoption  of  various  methods 
of  valuation  of  the  actual  physical  property  and  of  a  rate  of 
depreciation,  two  different  values  will  result,  indeed  must  result, 
for  any  given  railroad  property.  If  the  present  value  of  the  land 
is  used  and  the  rate  of  depreciation  adopted  is  moderate,  the 
valuation  of  the  projjerty  will  be  high.  If  the  original  cost  of  the 
lanil  and  the  equipment  purchased  fifteen  or  twenty  years  ago  is 
taken,  and  the  rate  of  depreciation  adopted  is  high,  then  the 
valuation  found  by  the  authorities  will  be  low.  If  the  valuation 
is  to  be  used  t(^  determine  the  solvency  of  a  railroad,  it  is  possible 
that  a  really  solvent  road  might  be  declared  insolvent  if  the 
method  giving  the  lower  valuation  should  be  adopted.  On  the 
other  hand,  if  the  method  giving  the  higher  valuation  were  to  be 
adopted,  such  valuation  would  justify  high  rates.  It  is,  of 
course,  not  necessary  to  observe  that  tlie  valuation  which  is 
proper  for  making  rates  is  also  the  one  that  is  proper  for  estab- 
lishing the  solvency  of  the  railroad,  or  for  purposes  of  assessing 
taxation.  There  is  no  reason  why  a  railroad  should  be  assessed 
upon  a  high  valuation  and  forced  to  carry  passengers  at  rates 
based  upon  a  low  valuation.  The  problem  for  all  public  authori- 
ties is  that  of  ascertaining  a  proper  and  reasonable  valuation  of 
the  property  that  should  be  the  common  basis  of  solvency,  of 
taxation  and  of  rates. 

It  is  perhaps  necessary  at  this  point  to  call  attention  to  the 
attitude  of  the  courts  towards  the  basis  of  valuation,  since  the 
results  of  the  valuation  adopted  by  any  public  commission  are 
subject  in  the  final  analysis  to  the  jurisdiction  of  the  courts. 
IJricfiy.  the  courts  have  held,  first,  that  the  cost  of  reproduction 
is  not  contrt)lling  (212  United  States,  i  )  ;  second,  that  a  company 
is  entitled  to  a  valuati(>n  based  upon  the  present  standard  of 
prices — that  i^.  if  the  jiroperty  has  increased  in  valuation  since 
it  was  purchased  by  the  railroad  company,  the  railroad  company 
is  entitled  to  have  the  benefit  of  such  increase.  (212  United 
States.  19);  third,  that  a  railroad  company  is  not  entitled  lo  a 
valuation  basc<l  upon  mistakes  in  judgment  either  in  purchasing 
or  construction  (  192  United  States.  201  ). 

The  present  project  for  a  valuation  of  railroads  of  the  United 
States  is  not  a  new  one.     As  early  as    1887  a  fairly  extensive 
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inquiry  \vas  made  into  the  value  of  the  Pacihc  railroads  by  a 
commission  of  the  United  States  Senate.  Since  that  time  eleven 
of  the  states — namely,  California.  Kansas.  Minnesota,  Nebraska, 
Oklahoma,  South  Dakota,  Washington,  Texas,  Michigan,  and 
Xew  Jersey — have  undertaken  more  or  less  complete  valuations 
of  the  railroads  within  their  respective  jurisdictions.  Of  these 
states,  Texas  was  the  pioneer,  making  a  general  valuation  of  the 
railroads  within  its  boundaries  in  the  year  1893.  Probably  the 
most  extensive  and  most  important  valuation  was  made  by  Michi- 
gan in  1900.  In  this  case  the  property  was  first  physically  valued 
by  the  inventory  method  and  afterwards  an  added  value  was 
given,  based  upon  the  estimated  value  of  the  franchises.  The 
experience  of  Nebraska  is  of  considerable  interest.  In  this  case 
an  estimate  was  made  of  the  cost  of  grading,  cost  of  clearing  and 
grubbing,  based  upon  contractors'  bids ;  cost  of  rails,  ties,  etc., 
based  upon  prices  that  prevailed  at  the  period  for  which  the 
valuation  was  made.  A  complete  inspection  of  all  bridges,  cul- 
verts, etc.,  etc.,  buildings,  coal  chutes,  water  tanks,  etc.,  was 
made  and  an  individual  value  assigned  to  each  item.  The  land 
was  separated  into  country  real  estate  and  terminals.  In 
order  to  obtain  the  value  of  the  real  estate  in  the  rural  districts, 
3.000  actual  transfers  of  land  lying  along  the  right  of  way  were 
consulted  and  5,000  other  transfers  in  the  locality  w-ere  taken  into 
consideration.  In  order  to  get  as  scientific  a  valuation  as  possi- 
ble, a  unit  value  was  devised  and  adopted,  and  this  unit  value 
was  applied  to  each  particular  piece  of  land  and  the  value  of  the 
land  given  on  the  basis  of  its  relation  to  the  unit  value.  A 
special  investigation  of  the  land  values  in  the  cities  was  made 
through  experts  in  the  various  towns  in  which  the  terminals  were 
situated.  The  result  of  the  Nebraska  valuation  was,  of  course, 
fairly  satisfactory  and  should  to  a  certain  extent  serve  as  a  guide 
to  the  Interstate  Commerce  Commission  in  its  valuation  of  rail- 
roads for  the  United  States. 

The  Minnesota  valuation  is  of  interest  chiefly  because  of  the 
cooperation  between  the  railroads  and  the  public  authorities.  The 
plan  in  this  case  was  to  determine  first  the  cost  of  reproduction 
new,  including  both  the  real  estate,  the  buildings  and  the  equip- 
ment;  and  second,  to  deduct  from  the  cost  of  reproduction  new 
a  proper  depreciation  for  the  time  and  the  use  to  which  the 
various  items  had  been  put.  In  the  case  of  land,  it  was  decided 
to  find  what  the  present  cost  of  acquiring  the  same  land  would 
be  if  it  were  necessary  to  purchase  from  the  farmers  in  the 
region  through  which  the  railroad  passed,  but  not  to  allow  any- 
thing on  account  of  the  fact  that  the  farmers  might  be  able  to 
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oUain  more  than  the  farm  value  of  the  lands  for  railroad  pur- 
poses. \'ery  careful  inquiry  was  made  through  record  of  trans- 
fers, the  Commission  actually  examining  more  than  55,000 
transfers  of  land,  the  sale  price  of  wliicii  amounted  to  more  than 
$100,000,000.  In  addition  to  the  value  of  the  land  for  farm 
pur|)oses.  an  added  amount  was  given  on  account  of  the  damage 
of  the  railroad  to  adjoining  land  for  cutting  up  parcels  and  other 
<lamages  to  the  value  of  land  which  a  railroad  inevitably  brings. 
<  )n  this  basis  it  was  found  that  in  the  country  the  valuation 
finally  i)Iaced  upon  the  railroad  right  of  way  was  about  three 
times  the  value  of  the  farming  land  in  the  vicinity.  For  the 
purpose  of  bringing  the  results  of  the  investigation  together,  a 
large  office  force  was  employed  under  the  direction  of  a  compe- 
tent manager.  Here  units  of  cost  for  various  kinds  of  work 
were  adopted,  and  these  units  were  applied  to  the  physical 
inventory  that  had  been  made  and  a  complete  valuation  thus 
obtained.  It  may  be  interesting  to  notice  that  the  railroads  were 
allowed  for  the  interest  upon  their  investment  during  the  process 
of  constructiiMi ;  that  a  reasonable  amount  was  allowed  for  the 
general  superintcndency  of  constructing  the  railroad  outside  of 
the  charges  that  inevitably  are  made  in  connection  with  contract 
work. 

The  valuations  conducted  by  the  various  other  states  have 
perhai)s  added  nothing  new  in  the  way  of  methods  or  principles 
of  valuation  to  what  has  been  contributed  by  the  states  of  ]\Iichi- 
gan.  Nebraska  and  Minnesota.  The  valuations  in  these  cases 
were,  however,  for  that  portion  of  the  various  railroads  lying 
within  their  own  boundaries.  We  have  one  example  of  a  single 
railroad  lying  in  seven  states  wliicli  has  lieen  valued  by  a  ]nihlic 
authority,  and  in  this  valuation  the  railroad  itself  cooperated. 
That  is  the  Xew  ^'ork.  Xew  Haven  and  Hartford  Railroad.  The 
circumstances  out  of  wliich  this  valuation  grew  are  somewhat  pe- 
culiar. In  1 90()  the  .Attorney  (ieneral  of  Massachusetts  in  his  an- 
nual rei)ort  called  attention  to  the  relations  of  the  Xew  York.  Xew 
Haven  and  Hartford  Railroad  and  the  Commonwealth  of  ^lassa- 
chusctts  and  gave  it  as  his  opinion  that  the  company  named  had 
violated  the  laws  of  Massachusetts  and  had  forfeited  its  charter 
and  franchise.  .As  a  result  of  this  opinion,  a  joint  committee  was 
apj)ointed  for  the  purpose  of  investigating  the  conditions  and 
reporting  to  the  ( it-neral  Assembly.  The  joint  committee  re- 
ported that,  while  it  was  clear  that  the  laws  of  Massachusetts 
had  been  technically  violated,  the  acts  of  the  company  had  been 
ac(|uiesced  in  by  the  public  officials  for  so  many  years  that  it 
Would   be  a   public  calamitv  to   have  the  charter  and    franchise 
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forfeited;  therefore  advised  that  the  New  York,  Xew  Haven 
and  Hartford  Railroad  Company  petition  the  legislature  of  Mas- 
sachusetts to  examine  its  assets  and  liabilities  and  to  determine 
whether  or  not  it  had  exceeded  its  powers  in  issuing  stock  and 
bonds  to  such  an  extent  that  it  was  insolvent,  and  if  it  should  be 
found  that  it  had  violated  its  laws  or  to  be  insolvent,  it  suggested 
that  the  legislature  might  validate  the  outstanding  securities  and 
thus  by  specific  act  make  it  unnecessary  to  take  action  in  regard 
to  the  forfeiture  of  its  charter.  As  a  result  of  this  recommenda- 
tion a  commission  was  created  to  make  a  valuation  of  the  corpo- 
rate assets  of  the  railroad  line  within  several  states.  In  this  case 
the  railroad  posessed  two  classes  of  property — first,  the  railroad 
property  as  generally  understood;  and,  in  the  second  place,  secu- 
rities, leases,  and  contracts.  For  the  first  a  physical  inventory 
and  valuation  was  undertaken  under  the  general  direction  of 
Professor  George  F.  Swain  of  Harvard  University.  For  the 
valuation  of  the  second  class  of  properties,  the  firm  of  Stone  and 
Webster  was  employed.  The  board  itself  also  made  a  consider- 
able investigation,  and  as  a  result  of  these  various  lines  of 
investigation  prepared  and  published  a  complete  report  showing 
the  value  of  the  entire  property  of  the  railroad,  including  the 
securities  as  well  as  the  physical  property. 

Attention  has  already  been  called  to  the  valuation  of  the 
Pacific  railroads  by  a  commission  of  the  United  States  Senate 
in  1887.  The  first  general  attempt  to  value  the  railroads  of  the 
United  States  was  undertaken  in  connection  \\ith  the  census  of 
1900.  This  valuation,  however,  was  not  a  physical  valuation  in 
any  sense  of  the  word.  It  was  based  upon  railroad  assessments 
in  the  various  states  and  the  market  value  of  the  stocks  as  shown 
on  the  various  stock  exchanges,  and  such  supplementary  sources 
of  information  as  could  be  found  without  making  an  elaborate 
and  complete  investigation.  Since  the  valuation  of  1904  was 
published,  various  attempts  have  been  made  in  Congress  to  secure 
the  enactment  of  legislation  for  the  purpose  of  securing  a  com- 
plete physical  valuation  of  all  the  railroads.  Nothing  of  impor- 
tance came  out  of  this  agitation  until  1913.  when  the  Adamson 
Bill  was  presented  to  the  House  and  passed  by  a  large  majority. 
The  Adamson  Bill  was  radically  amended  while  before  the 
Senate  and  was  known  on  its  passage  as  the  La  Follette- Adamson 
Bill.  The  act  as  finally  passed  provided  that  the  Interstate  Com- 
merce Commission  should  investigate,  ascertain  and  report  on  the 
value  of  all  the  property  used  by  every  common  carrier  subject 
to  the  provisions  of  the  Interstate  Commerce  Act;  that  the 
Commission   should  have  the  authority  to  employ  such  experts 
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ami  other  assistants  as  miglit  be  necessary ;  that  it  would  have 
the  jjower  to  summon  witnesses  and  to  take  testimony,  antl  that 
it  should  make  an  inventory  of  all  the  property  of  every  common 
carrier  and  classify  the  physical  property  in  accordance  with  the 
general  classihcati(»n  of  expenditures  as  used  by  the  Commerce 
Commission.  In  making  this  investigation  the  Commission  was 
required  to  ascertain  and  rejjort  in  detail  as  to  each  piece  of  prop- 
erty owned  or  used  by  the  common  carriers  and  to  report  upon 
the  original  cost  to  date,  the  cost  of  reproduction  new.  the  cost 
of  reproduction  less  depreciation,  and  to  prepare  and  publish  an 
analvsis  of  the  methods  by  which  these  several  costs  were  ob- 
taincil.  and  the  reasons  for  the  differences  if  any  should  occur. 
The  Commission  was  required  in  addition  to  report  separately 
the  original  cost  of  all  lands,  rights  of  way  and  terminals  used 
for  the  puri)oses  of  a  common  carrier,  and  ascertain  as  of  the 
time  of  dedication  to  public  use  the  value  and  the  present  value 
of  the  same.  It  also  required  to  ascertain  and  report  as  to  the 
amount  of  property  that  had  been  given  by  individuals  and  public 
authorities  to  the  railroads  for  the  purpose  of  aiding  in  estab- 
lishment of  the  same.  The  Commission  was  given  power  to 
prescribe  method  of  procedure,  the  form  of  submission  of  results, 
classification  of  elements  of  value,  and  was  required  to  show  in 
its  final  report  the  value  of  property  as  a  whole  and  the  value  of 
propertv  in  each  of  the  several  states.  After  the  completion  of 
the  valuation,  the  Commission  was  required  to  keep  the  same 
up  to  date  so  that  for  the  United  States  there  would  be  a 
perpetual  inventory,  as  it  were,  of  all  the  property  devoted  to  the 
work  of  transportation  by  common  carriers.  The  Interstate 
Commerce  Commission  in  pursuance  of  the  authority  granted 
by  this  act  has  already  appointed  a  board  of  engineers,  has 
divided  the  United  States  into  a  number  of  districts,  and  has 
commenced  the  valuation,  beginning  on  the  San  Pedro.  Los 
Angeles  and  Salt  Lake  Railroad,  extending  ivom  San  Pedro, 
California,  to  Salt  Lake  City.  This  road  was  taken  ])ecause  it 
was  thought  the  problems  involved  in  its  valuation  were  simpler 
than  those  generally  prevailing,  and  that  as  a  result  of  experience 
in  this  particular  instance  the  work  of  valuation  in  other  districts 
might  be  carried  on  more  efficiently  and  economically. 

The  expense  of  a  physical  valuation  of  all  the  railroads  in  the 
United  l^tates  will  depend,  of  course,  upon  the  comi>leteness  of 
the  investigation  and  the  care  with  which  the  valuations  are 
made.  The  director  of  the  division  of  valuation  of  the  Interstate 
Commerce  C<Mnmission,  the  Honorable  Charles  A.  Prouty.  esti- 
mates that  the  expense  will  be  at  least  Jsf).ooo.ooo.  and  is  more 
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likely  to  run  up  to  $12,000,000  or  $15,000,000.  It  may  be  asked 
at  this  point,  Is  it  worth  while  to  undertake  this  vast  project? 
To  this  question  no  specific  answer  can  be  given.  The  valuation 
will  be  of  interest  as  showing  the  amount  of  investment  in  the 
railways  and  will,  of  course,  be  a  criterion  of  equity  in  taxation 
as  between  the  railroads  and  the  other  industries.  It  will  also  be 
tof  value  as  showing  the  investors  in  railway  stocks  and  bonds 
to  what  extent  their  securities  are  protected  by  actual  assets,  and 
it  is  probable  that  the  valuation  will  be  used  more  and  more  as  a 
basis  of  just  and  proper  rates.  At  the  present  time  the  railways 
in  the  northeastern  portion  of  the  United  States — the  region 
north  of  ]\Iason  and  Dixon's  line  and  east  of  the  Chicago-St. 
Louis  territory — are  petitioning  the  Interstate  Commerce  Com- 
mission for  a  general  increase  in  rates  of  five  per  cent.  Their 
justification  for  this  petition  is  that  the  present  rates  are  not 
yielding  a  sufficient  return  upon  the  investment  to  attract  invest- 
ors to  invest  further  in  railroad  securities.  It  is  evident,  of 
course,  that  unless  we  have  a  better  basis  of  valuation  of  railway 
properties  than  exists  at  the  present  time  that  the  contention  of 
the  railroads  in  this  particular  instance  can  neither  be  proved 
nor  disproved.  A  physical  valuation  of  the  railroads,  if  it  is 
carefully  and  properly  undertaken  and  carried  out.  will  enable 
the  railroad  commission  to  determine  at  once  whether  or  not  the 
railroads"  contention  is  justified  by  existing  conditions.  It  is 
thought  by  those  who  are  in  closest  touch  with  the  railways  that 
a  physical  valuation  will  show  not  only  that  the  capital  stock  and 
bonds  are  amply  secured,  but  that  on  the  whole  the  rates  of 
transportation  are  in  most  cases  so  reasonable  that  no  general 
complaint  against  the  rate  situation  can  be  properly  made.  If  the 
ideas  of  these  men  should  as  a  result  of  the  physical  valuation 
prove  true,  it  is  evident  that  most  of  the  complaints  made  against 
the  railroads  would  be  shown  to  have  no  foundation  in  fact  and 
that  the  relationship  between  the  railways,  the  public  authorities 
and  the  traveling  public  would  be  much  pleasanter  and  more 
agreeable  than  under  present  circumstances.  The  railroads  are 
a  part  of  our  modern  industrial  system.  It  is  necessary  that  they 
be  allowed  to  charge  rates  sufficiently  high  to  provide  a  reason- 
able return  upon  the  capital  invested.  Under  present  conditions 
the  railway  commissions  in  the  various  states  and  the  Interstate 
Commerce  Commission  are  required  to  see  that  adequate  services 
are  rendered  at  reasonable  rates.  A  physical  valuation  of  the 
railroads  would  be  of  the  largest  possible  value  in  determining 
when  rates  are  too  low  as  well  as  when  rates  are  too  high. 
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The  creation  of  new  industries,  the  discovery  of  new  processes, 
the  substitution  of  steam  for  water  power,  the  evolution  of  re- 
frigeration, the  devel(Ji)nient  of  transportation,  the  ahnost  uni- 
versal utilization  of  electrical  energy  in  the  mechanical  arts,  the 
extensive  use  of  artificial  light,  the  employment  of  the  Rontgen 
rays  as  a  diagnostic  and  therapeutic  agent,  the  overcrowding  in 
manufacturing  centers  and  factories,  and  the  strenuousness  of 
modern  life,  have  brought  new  problems  to  industrial  hygiene. 

Some  of  the  occupational  diseases  are  due  to  the  avarice  of  the 
capitalist  and  his  disregard  of  human  life,  but  indiflference.  care- 
lessness, and  ignorance  of  the  workman  are  responsible  for  much 
preventable  illness.  Many  occupations,  while  not  particularly 
dangerous,  may  be  rendered  hazardous  through  intemperance,  and 
some  industries  may  be  held  responsible  for  impaired  health 
entirelv  due  to  the  unsanitary  and  bad  habits  of  the  individual. 

The  United  States  is  far  behind  many  European  countries, 
especially  (iermany.  in  safe-guarding  the  health  of  her  workers. 
The  industrial  legislation  in  America  is  extremely  fragmentary 
and  far  from  being  aljreast  with  our  civilization.  We  have  each 
year  about  500.000  industrial  accidents,  one-half  of  which  might 
be  avoided.  We  have  also  13.500.000  cases  of  occupational  sick- 
ness and  an  estimated  loss  to  society  of  $772,000,000.  and  of  all 
this  loss  we  can  prevent,  at  least.  25  per  cent. 

We  note  with  pride  that,  in  this  country,  the  state  of  Illinois 
has  lieen  a  pioneer  in  the  stud\-  of  industrial  diseases.  The 
report  of  the  Illinois  Commission  on  Occupational  Disease  was 
a  very  important  contribution  to  the  literature  of  Industrial 
Hygiene,  and  the  laws  of  this  state,  while  by  no  means  ideal,  are 
much  superior  to  those  of  a  majority  of  her  sister  states. 

The  workers  in  industries  involving  the  use  of  lead,  jihospho- 
rus,  arsenic,  mercury,  copper  or  brass  are  especially  liable  to 
pf)isoning;  the  same  is  true  of  those  forced  to  breathe  poisonous 
gases,  such  as  carbon  monoxide,  carbon  bisulphide,  and  hydrogen 
sulphide;  there  is  increased  risk  of  life  and  liml)  in  aviation,  land 
and  water  transjjortation.  mining,  the  handling  of  explosives, 
.smcltering.  and  structural  iron  work;  there  is  particular  danger 
to  those  compelled  t(^  work  in  a  dusty  atmosphere,  especially  if 
the  dust  is  irritating  and  jioisonous ;  wool  sorters  are  likely  to 
ac(|uire  anthrax,  miners  hookworm  disease,  and  hostlers  glanders ; 
lamidry  workers,  cooks,  tircnien,  and  masons  often  have  eczema; 
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workers  in  compressed  or  rareried  air,  or  in  extremes  of  heat  or 
cold,  frequently  become  ill ;  and  those  who  handle  tar,  paraftiii, 
and  anthracene  may  often  develop  cancer  of  the  skin. 

Each  occupation  presents  for  solution  a  separate  hygienic 
problem  and  each  industry  requires  individual  study.  It  is  ob- 
vious that  in  an  article  of  this  type  we  can  discuss  briefly,  only^ 
a  few  of  the  more  common  diseases  of  occupation. 

Lead  Poisoning 

The  evil  effects  of  lead  have  been  recognized  for  centuries. 
There  is  evidence  to  indicate  that  lead  poisoning  or  plumbism 
was  known  to  the  earlier  Greek  and  Roman  writers,  and  Galen 
(130-201  A.  D.)  knew  of  the  danger  of  drinking  water  that  had 
passed  flirough  lead  pipes. 

Plumbism  is  the  most  prevalent  and  most  serious  of  all  indus- 
trial diseases  due  to  poisoning.  Lead  attacks  young  adults  with 
especial  rapidity  and  severity,  and  women  are  more  susceptible 
than  men.  In  about  150  trades  lead  is  present,  silently  and' 
insidiously  undermining  the  health  and  strength  of  those  engaged 
in  its  use. 

All  lead  is  poisonous,  but  metallic  lead  is  not  so  dangerous  as 
its  salts,  and  of  its  compounds  the  most  to  be  feared  are  the 
oxide,  carbonate,  and  chromate,  because  they  are  more  soluble 
in  the  human  body  and  most  used  in  the  industries. 

Lead  is  absorbed  principally  by  the  alimentary  tract,  but  also 
through  the  respiratory  tract  and  possibly  through  the  skin.  It 
reaches  the  stomach  with  the  food  or  tobacco  that  is  handled  with 
dirty  fingers,  or  by  dust  which  is  partly  swallowed  and  partly 
drawn  into  the  lungs.  The  danger  in  a  lead  trade  is  in  proportion 
to  the  dust. 

Individuals  vary  greatly  in  their  tolerance  to  lead ;  one  person 
may  show  symptoms  of  intoxication  in  a  few  days  or  weeks, 
while  another  may  be  free  from  signs  of  poisoning  for  years. 
Oliver  has  demonstrated  experimentally  on  animals  that  alcohol 
predisposes  to  an  attack  of  plumbism,  a  fact  repeatedly  confirmed 
by  the  clinician.  Another  factor  which  favors  saturnine  poison- 
ing is  working  in  lead  before  breakfast.  A  workman  with  food 
present  in  the  stomach  runs  less  risk  of  poisoning  than  his  fast- 
ing comrade. 

Lead  is  a  typical  cumulative  poison,  giving  rise  to  a  chronic 
intoxication  characterized  by  diminished  secretion  of  saliva, 
metallic  taste  in  the  mouth,  foul  breath,  loss  of  appetitie,  indi- 
gestion, headache,  constipation,  vomiting,  and  frequently  acute 
colic.     Should  the  workman  continue  at  his  trade,  more  severe 
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symptoms,  such  as  extreme  pallor,  loss  of  weight  and  strength, 
impaired  vision,  or  rheumatic  pains  may  occur ;  the  nervous 
system  may  be  involved,  giving  rise  to  convulsions,  hysteroid 
attacks,  insanity,  or  partial  i)aralyses  of  which  "wrist  drop"  is 
the  most  common,  or  there  may  be  progressive  hardening  of  the 
arteries  and  kidney  disease  ending  in  cerebral  lieniurrhage  and 
death. 

The  blight  of  lead  docs  not  end  with  the  indivi(kial  alone,  but 
it  destroys  the  reproductive  powers  of  both  men  and  women,  and 
produces  a  marked  tendency  in  women  to  abortion,  thereby  caus- 
ing great  destruction  of  human  life.  The  percentage  of  still- 
iMjrns  is  large  and  the  children  of  lead  workers  within  the  first 
few  months  of  life  have  a  high  rate  of  mortality. 

Those  most  frequently  afflicted  with  lead  poisoning  are  makers 
of  white  and  red  lead,  lead  jjaints.  storage  batteries,  pottery  and 
earthenware,  dry  colors,  file  cutters,  painters,  plumbers,  enamcl- 
ers.  diamond  cutters,  polishers  of  cut  glass  and  precious  stones, 
printers,  tyj^e-setters,  and  varnishers. 

Prci'cntion 

The  jjrevention  of  lead  jjoisoning  depends  upon  the  avoidance 
of  «lust.  the  proper  disposal  of  fumes,  and  absolute  cleanliness. 

Youths  and  women  should  not  be  permitted  to  work  in  the 
more  jjoisonous  industries. 

The  workiuen  should  be  compelled  to  wear  overalls  which 
should  be  kei)t  at  the  factory,  and  these  should  be  washed  at  the 
shop,  preferably  by  machinery,  for  washerwomen  may  be  poi- 
soned by  handling  such  clothes.  The  head  should  be  protected 
by  a  caj). 

Personal  cleanliness  of  the  workmen  should  be  demanded  and 
l)roper  facilities  for  bathing  should  be  arranged  by  the  employer, 
and  it  should  be  a  part  of  factory  discipline  for  the  workers  to 
take  a  bath  at  least  once  a  week,  while  those  engaged  in  dustv 
W(jrk  should  be  required  to  bathe  daily. 

The  hands  and  nails  should  be  thoroughly  cleansed  before 
leaving  the  shop  and  before  taking  food.  The  mouth  should  be 
rinsed  before  eating  and  the  food  should  be  eaten  outside  of  the 
sht)))  in  a  room  especially  provided  for  the  iiuqiose.  Each  work- 
man should  have  three  meals  a  day  and  aloliojic  l)cverages  should 
be  excluded  absolutelv. 

Workers  in  the  presence  of  lead  dust  should  wear  res]iirators 
and  the  dust  should  be  controlled  wliencver  possible  by  spraving 
with  water. 

Workmen   should  alternate  employment  and  not   remain  long 
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an  the  dangerous  departments.  Machinery  should  be  used  in  the 
place  of  men  wherever  possible,  and  a  competent  medical  in- 
spector should  be  employed  to  educate  the  workmen  ami  to 
detect  poisoning  in  its  incipiency. 

Plwsp'Jioroiis  Poisoning 

Two  kinds  of  phosphorus  arc  known  to  commerce — the  white 
or  yellow,  discovered  by  Brandt  in  1669,  poisonous  and  inflam- 
mable; and  the  red,  discovered  by  Schroter  in  1845,  compara- 
tively non-poisonous  and  non- volatile.  The  red  is  obtained  from 
the  wdiite  by  heating  for  some  time  in  a  closed  vessel  at  250° C. 

Phosphorism  began  with  the  invention  of  the  lucifer  match  by 
John  Walker,  the  dispensing  chemist  of  Stockton-on-Tees  about 
1827.  The  first  authentic  case  of  phosphorous  necrosis  was 
reported  by  Dr.  Lorinser,  a  Viennese  physician,  in  1838. 

Three  types  of  matches  are  manufactured:  (i)  the  safety 
match,  which  contains  no  phosphorous  and  is  harmless ;  the 
paste  applied  to  the  box  contains  red  phosphorous  and  antimony 
sulphide;  (2)  the  "strike-anywhere  match"  contains  white  phos- 
phorous in  its  head ;  it  is  in  the  manufacture  of  this  type  of 
match  that  the  workers  are  exposed  to  the  poisonous  fumes;  (3) 
the  "strike-anywhere  match"  made  with  the  non-poisonous  ses- 
quisulphide  of  phosphorous.  Until  recently  all  the  "strike-any- 
where" matches  were  made  from  white  or  yellow  phosphorous. 

Chronic  phosphorous  poisoning  manifests  itself  generally  as  a 
necrosis  of  the  jaw,  which  is  commonly  known  as  "phossy  jaw." 
It  may,  however,  give  rise  to  such  constitutional  symptoms  as 
pallor,  dyspepsia,  tendency  to  bronchitis,  or  excessive  brittleness 
of  the  bones. 

"Phossy  jaw"  is  produced  by  the  absorption  of  fumes  and 
particles  of  white  phosphorous  through  the  teeth  or  gums. 
Carious  teeth  predispose  to  necrosis  of  the  jaw,  for  the  fumes 
penetrate  such  teeth  and  readily  induce  a  periostitis  or  acute 
inflammation  of  the  jaw  bone.  The  gum  becomes  swollen  and 
the  jaw  becomes  extremely  painful,  pus  forms,  the  process  ex- 
tends to  the  bone,  which  gradually  undergoes  destruction.  The 
disease  may  terminate  by  the  decayed  bone  being  thrown  off  or 
the  dead  bone  may  be  removed  by  the  surgeon.  In  some  in- 
stances complications  and  death  follow  "phossy  jaw." 

The  sesquisulphide  of  phosphorous  introduced  into  the  match 
industry  by  Sevene  and  Gahan  is  practically  non-poisonous  and 
will  accomplish  all  that  white  phosphorous  does  without  giving 
rise  to  its  dangers.  In  some  instances,  the  sesquisuli)hide  of 
phosphorous  will  cause  conjunctivitis,  swelling  of  the  eyelids,  and 
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eczema  of  the  skin.  These  ill  effects  may  be  prevented  by- 
bathing  the  eyes  and  douching  the  nose  with  an  alkaline  solution 
of  sodium  bicarbonate. 

Fortunately  for  the  workers  in  many  countries,  the  use  of 
poisonous  phosph()ri>us  has  been  i)rohibited  by  international 
treaty  or  national  legislation. 

Prci'cntion 

IMiosphorous  necrosis  should  be  prevented  by  the  total  abolition 
of  white  phosphorous  in  the  .manufacture  of  matches  and  by  the 
substitution  of  the  sesquisulphid  or  some  other  non-poisonous 
compuuntl  of  phosphorous. 

The  work  room  should  be  large,  light,  and  well  ventilated  and 
fans  should  withdraw  all  fumes  away  from  the  workers.  Auto- 
matic machinery  should  be  used  w'henever  possible. 

Personal  cleanliness  is  imperative  and  ample  lavatory  accom- 
modations should  be  provided  at  the  factory.  The  mouth  should 
be  rinsed  at  least  once  a  day  with  an  antiseptic  wash. 

All  employees  should  frequently  undergo  dental  and  medical 
inspection. 

Mercury 

Occupatiiinal  ])oisoning  due  to  mercury  has  been  known  for 
many  years  in  connection  with  the  workers  in  the  quicksilver 
mines  of  Almaden,  and  more  recently  in  the  mercury  miners  of 
California. 

Mercury  exists  in  nature  in  the  form  of  cinnabar,  a  sulphide 
of  mercury,  from  which  the  metal  is  obtained  by  roasting.  Dur- 
ing the  process  the  mercury  undergoes  volatilization,  but  is 
quickly  condensed  forming  droplets  that  are  deposited  upon  the 
lips,  the  beard,  and  hair  of  the  workmen.  The  metal  volatilizes 
at  low  tem])erature  and  it  is  this  property  that  makes  it  such  a 
menace  to  the  health  of  the  workers. 

Mercury  enters  the  body  through  the  alimentary  and  respira- 
tory tracts  and  is  absorbed  by  the  skin. 

The  symptoms  of  mercurialism  are  metallic  taste,  ulceration 
of  the  gums,  headache,  fetid  breath,  excessive  salivation,  vomit- 
ing, intestinal  derangement,  pallor,  emaciation,  weakness,  melan- 
cholia, and  in  some  instances  general  paralysis.  One  of  the  most 
striking  features  of  the  disease  is  the  peculiar  tremor  commonly 
known  as  the  ".shakes." 

The  more  common  occupations  in  which  mercury  is  used  and 
chronic  poisoning  occurs,  are  the  extraction  of  gold  and  silver 
from  their  ores  by  the  amalgam  process  ;  the  use  of  acid  nitrate 
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of  mercury  in  the  making  of  felt  hats  and  the  dressing  of  furs ; 
the  manufacture  of  thermometers,  barometers,  and  electric  me- 
ters; the  making  of  explosives;  and  the  use  of  the  mercury  pump 
in  the  production  of  a  vacuum  in  the  manufacture  of  incandes- 
cent lamps. 

The  prevention  of  mercurialism  depends  upon  good  ventilation, 
means  to  keep  the  dust  and  fumes  away  from  the  workmen, 
scrupulous  cleanliness,  frequent  ablutions,  the  wearing  of  over- 
alls and  rubber  gloves  to  prevent  absorption  through  the  skin, 
the  use  of  respirators,  and  working  in  a  room  at  low  temperature 
to  reduce  volatilization. 

Arsenic 

Arsenic  endangers  the  health  of  the  workers  in  the  manufac- 
ture of  wall  papers  and  artificial  flowers ;  in  the  preparation  of 
chemicals,  especially  Scheele's  and  Paris  Greens ;  in  the  making 
■of  glass  and  oil-cloth ;  and  in  the  packing  of  white  arsenic  and 
the  curing  of  furs. 

The  symptoms  of  acute  poisoning  are  difficulty  in  swallowing, 
violent  colic,  intense  thirst,  and  a  diarrhoea  not  unlike  that  of 
cholera.  Chronic  poisoning  may  cause  loss  of  appetite,  nausea, 
vomiting,  conjunctivitis,  pigmentation,  eruption  and  ulceration  of 
the  skin,  bleeding  gums,  cerebral  disturbances,  neuritis,  and 
paralysis. 

The  prevention  of  industrial  arseniasis  is  the  counterpart  of 
the  protection  against  saturnism  and  mecurialism. 

Carbon  Monoxide 

Carbon  monoxide  is  a  colorless,  tasteless,  inodorless,  and 
highly  toxic  gas.  It  is  caused  by  the  incomplete  combustion  of 
illuminating  gas,  of  coal  and  of  explosives,  and  may  be  found  in 
mines  and  other  subterranean  galleries  where  blasting  has  been 
done  with  dynamite  or  gunpowder.  The  gas  is  produced  in  the 
smelting  of  iron  ore  w^ith  coke  and  lime ;  it  is  given  off  in  large 
quantities  from  coke  ovens;  it  is  generated  in  the  preparation  of 
soda  by  the  Le  Blanc  process;  and  forms  7-10' r  of  illuminating 
^as  and  about  30%  of  water  gas. 

Carbon  monoxide  has  greater  affinity  for  the  haemoglobin  of 
the  blood  than  oxygen.  To  this  power  of  displacing  the  oxygen 
in  the  blood  the  gas  owes  its  poisonous  properties.  The  presence 
of  such  small  quantities  as  0.1%  will  produce  toxic  symptoms, 
Avhile  0.4%  renders  the  atmosphere  dangerous  to  animal  life. 

The  inhalation  of  carbon  monoxide  causes  giddiness,  headache, 
throbbing  of  the  temples,  ringing  in  the  ears,  lassitude,  marked 
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muscular  weakness,  and  in  severe  cases,  convulsions  and  uncon- 
sciousness. 

The  prevention  of  CO  poisoning  consists  in  free  ventilation ; 
the  use  of  closed  top  blast  furnaces;  leak  proof  furnace  walls; 
aut»»matic  charging;  conduction  of  gases  in  mains  above  ground; 
the  elimination  of  "pits"  in  which  the  gases  may  collect;  oxygen 
helmets  for  use  in  the  most  dangerous  places  and  for  rescue 
work;  and  education  of  the  workmen  in  regard  to  the  dangers  of 
their  occupation. 

Dust 

Dust  is  a  great  destroyer  of  workmen.  Much  ill-health  and 
manv  of  the  industrial  diseases  are  due  to  the  inhalation  or 
swallowing  of  dust.  Such  soluble  dust  as  lead,  phosphorus, 
mercury,  and  arsenic  may  produce  serious  poisoning,  and  the 
insoluble  dust  of  iron,  steel,  marble  and  granite  may  cause  me- 
chanical injury  to  the  respiratory  tissues.  Dust  of  all  kinds  is 
met  with  in  the  various  trades,  but,  as  a  rule,  organic  dust  is  less 
irritating  and  injurious  than  inorganic  dust. 

Dust  is  given  oft  during  the  drilling  of  stone;  all  forms  of 
grinding;  the  packing  of  pigments;  many  processes  of  polishing 
and  cleaning;  in  the  manufacture  of  pottery  and  masonry;  in 
mining;  in  the  i^reparation  of  lumber;  in  the  cotton,  wool,  silk, 
and  jute  industries;  and  in  the  handling  of  leathers,  skins  and 
feathers. 

In  the  various  i)neunh)konioses  or  lung  diseases  due  to  the 
inhalation  of  dust,  the  termination  is  fibroid  phthisis,  a  condition 
in  which  the  lungs,  instead  of  remaining  soft  and  spongy,  become 
firm  and  indurated  and  unable  to  perform  their  function  as 
organs  of  aeration. 

Wood  and  arsenic  dust  may  be  especiall}'  irritating  to  the  eyes, 
and  soot  or  arsenic  particles  may  cause  skin  irritation  and  pre- 
dispose to  cancer.  Dust  impregnated  with  the  anthrax  bacillus 
or  its  spores  may  produce  a  fatal  infection  (wool-sorter's  pneu- 
monia. 

Much  of  the  injurious  cfi'ects  of  dust  coukl  be  avoided  by  good 
ventilation;  the  use  of  moisture  and  sprays;  working  under 
water  when  practicable;  the  judicious  use  of  hoods  and  suction 
fans;  the  wearing  of  respirators;  and  the  utilization  of  improved 
machinery. 

M  iniiu/ 

Mining  presents  a  sextet  of  evils:  (i)  the  loss  of  life  and 
limb  by  accidents  and  explosions;  (2)  the  poisoning  by  gases, 
especially   carbon  monoxide;    (31    the  menace  of  dust;    (4)   the 
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liability  to  ank\io^tomiasis  or  hookworm  disease;  (5)  the  bad 
eflFects  of  working  at  high  temperatures;  and  (6)  certain  local 
injuries  peculiar  to  the  occupation. 

The  introduction  of  modern  methods ;  the  improvement  of 
ventilation;  the  control  of  dust;  and  the  introduction  of  means 
to  detect  and  guard  against  poisonous  and  explosive  gases,  have 
greatly  diminished  the  hazards  of  mining. 

In  mining,  as  in  many  other  occupations  and  professions,  the 
hookworm  infection  remains  a  rather  unattractive  monument  to 
our  retarded  sense  of  sanitation.  With  the  St.  Gothard  tunnel 
as  a  focus  of  infection,  the  disease  has  been  widely  disseminated 
in  Europe,  and  from  the  report  of  Dr.  Stiles,  Government  Zoolo- 
gist, we  are  informed  that  in  the  Southern  and  Middle  States,  it 
occurs  with  almost  self-questioning  frequency. 

An  infected  miner  will  discharge  myriads  of  ova  in  his  feces, 
which  in  a  few  days,  at  a  suitable  temperature,  will  develop  into 
active  larvae,  which  may  gain  admission  to  the  human  body 
through  food  or  water,  owing  to  the  miner  eating  with  dirty 
hands,  or  they  may  penetrate  the  skin,  enter  a  small  vein,  reach 
the  right  side  of  the  heart  and  thence  by  the  pulmonary  artery 
to  the  lungs.  Through  the  walls  of  the  pulmonary  capillaries 
they  escape  into  the  alveoli,  thence  by  their  gliding  and  lashing 
movements  up  the  bronchi  to  the  glottis,  and  then  pass  down  the 
esophagus  and  stomach  to  reach  the  small  intestine,  the  goal  of 
their  desire. 

In  passing  through  the  skin,  the  worms  give  rise  to  consider- 
able irritation,  a  condition  commonly  known  as  "ground  itch"  or 
"bunches." 

Once  in  the  intestine,  the  worms  fasten  themselves  to  the  wall, 
and  by  sucking  the  blood  of  the  host;  the  production  of  small 
hemorrhages ;  the  making  of  minute  wounds,  through  which  in- 
fection may  occur;  and  possibly  by  the  elaboration  of  a  poison 
peculiar  to  the  parasite,  they  cause  a  train  of  symptoms  charac- 
terized by  extreme  weakness,  difficulty  of  breathing  on  slight 
exertion,  palpitation  of  the  heart,  anaemia,  etc. 

The  control  and  prevention  of  hookworm  disease  depend  upon 
the  proper  toilet  facilities  and  disinfection  of  the  feces;  exami- 
nation of  the  stools  of  all  suspected  and  new  miners ;  the  miners 
should  wash  their  hands  thoroughly  before  eating ;  and  the  work- 
men should  receive  instruction  in  the  life  history  of  the  parasite, 
so  as  to  intelligently  cooperate  with  the  medical  officials  of  the 
mine. 

The  effects  of  working  in  mines  at  high  temperatures  are 
throbbing  of  the  head,  increased  pulse  rate,  disturbed  breathing. 
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physical  exhaustion,  and,  in  some  instances,  loss  of  memory  and 
insanit} 

It  is  cxccc-iingly  difficult  to  overcome  the  dangers  of  mine 
heat,  as  it  is  due  to  the  internal  heat  of  the  earth.  The  difficult}' 
of  the  problem  is  at  once  apparent  when  we  observe  that  some 
of  the  silver  mines  of  Nevada  have  a  ilepth  of  2.000  feet  and  a 
temperature  of  i58"F. 

In  the  high  temperature  mines,  at  the  end  of  the  shift,  the  men 
are  brought  to  the  surface  fatigued  and  perspiring,  and  the  sud- 
den chilling  of  the  body  is  another  factor  in  the  production  of 
the  high  death  rate  of  miners  from  lung  diseases.  Much  of  the 
€vil  ettects  of  sudden  change  to  low  temperature  could  be  avoided 
by  providing  rooms  at  the  shaft  heads  in  which  the  men  might 
change  their  wet  for  dr}-  clothes  and  receive  hot  coffee. 

Miners  suffer  from  a  painful  chronic  irritation  and  thickening 
of  the  subcutaneous  tissues  over  the  knee  and  elbow  due  to 
frequently  resting  upon  or  knocking  these  joints,  a  condition 
known  as  "miner's  knee**  and  "miner's  elbow.*'  As  the  result  of 
the  continued  friction  of  the  pick  handle,  the  skin  of  the  palm 
along  the  base  of  the  fingers  of  both  hands  and  the  ball  of  the 
thumbs  become  hard,  homy  and  painful.  Such  a  hand  is  called 
by  the  miners  "beat  hand."  Occasionally  suppuration  takes  place 
in  the  deeper  layers  of  the  hard  skin,  giving  rise  to  "keens." 

Electricity 

Contact  injuries  are  of  two  t>-pe5 — shocks  and  bums.  The 
shock  may  be  graded  in  its  effect  from  slight  unpleasantness  to 
instantaneous  death.  The  voltage  may  produce  such  tetanic 
contraction  of  the  flexor  muscles  that  the  victim  will  be  unable 
to  release  himself  from  the  circuit.  In  such  instances,  the  rescuer 
should  break  the  circuit  at  once  by  a  switch,  if  practicable ;  if 
not.  he  may  push  the  victim  away  with  a  dr^-  piece  of  wood,  a 
tool  with  a  dry  wooden  handle,  he  may  pull  him  from  the  circuit 
after  putting  on  rubber  gloves,  or  the  rescuer  may  stand  on  a 
dn*-  board  and  break  the  contact.  A  short  circuit  may  be  made 
by  using  a  chain,  an  iron  bar  or  a  pipe.  In  short  circuiting  in 
cases  of  high  voltage  great  care  should  be  exercised  lest  an  arc 
be  formed  which  might  seriously  bum  the  rescuer  and  further 
injure  the  victim.  In  breaking  the  contact  by  short  circuiting 
great  precaution  must  be  observed  by  the  rescuer  that  he  does 
not  expose  himself  to  shock. 

Unless  the  patient  shows  signs  of  consciousness,  artificial  res- 
piration should  begin  the  instant  he  is  released  and  should  be 
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continued  until  recovery  results  or  a  physician  announces  that 
death  has  occurred. 

Shock  may  cause  temporary  or  prolonged  syncope  accompanied 
by  weakness,  headache,  palpitation  of  the  heart,  mental  confu- 
sion, tremor,  or  general  nervous  depression.  Hysteria  and  neu- 
rasthenia are  not  uncommon  sequelae  of  electrical  shock. 

In  burns  due  to  electricity,  there  is  usually  a  destruction  of 
both  layers  of  the  skin,  subcutaneous  tissues,  and  frequently  the 
muscle  and  bone  are  involved.  The  complications  of  burns  are 
nervous  shock,  suppuration,  and  gangrene. 

All  electrical  burns  should  be  treated  by  a  physician  to  insure 
asepsis  and  antisepsis.  The  slight  injuries  may  be  treated  while 
the  patient  continues  at  work ;  the  more  severe  cases  should  enter 
the  hospital. 

In  the  breaking  or  short  circuiting  of  currents,  flashes  or  arcs 
may  be  produced  which  may  cause  serious  injury  to  the  eyes 
due  to  the  burning  and  the  action  of  the  ultraviolet  rays.  Flashed 
eyes  are  characterized  by  conjunctivitis,  intense  pain,  intolerance 
of  light,  and  excessive  secretion  of  tears.  In  severe  cases  the 
cornea  may  be  coagulated,  iritis  ensue,  or  blindness  occur. 
Flashed  eyes  should  be  treated  by  an  opthalmologist. 

The  X-Rays  may  produce  redness,  atrophy,  vesiculation, 
sloughing,  and  a  predisposition  to  cancer  of  the  skin.  Ront- 
genographers  are  likely  to  become  sterile  unless  they  protect 
themselves  by  sheets  of  metallic  lead. 

Those  working  with  electricity  should  be  taught  the  hazards  of 
their  occupation,  the  rendering  of  first  aid  to  the  injured,  the 
breaking  of  contacts,  the  resuscitation  by  artificial  respiration, 
the  prevention  of  flashes,  the  dangers  of  the  ultra-violet  and  X- 
rays.  and  the  precise  use  of  rescue  apparatus. 

Ca)iccr 

Cancer  occurs  in  all  walks  of  life  and  its  etiologv'  is  unknown, 
but  there  seems  to  be  a  definite  relation  between  its  causation  and 
long  continued  irritation.  This  is  especially  true  in  the  case  of 
chronic  inflammation  of  the  skin,  be  it  due  to  actinic,  chemical, 
thermic,  bacterial,  or  mechanical  agents.  Owing  to  the  irritation 
of  soot,  chimney  sweeps  have  a  higher  death  rate  from  cancer 
than  the  general  population ;  gardeners  who  use  soot  to  protect 
plants  against  insects  occasionally  develop  cancer  of  the  hand; 
men  who  work  with  tar.  paraftin.  anthracene  or  scarlet  R.  seem 
prone  to  have  cancroid  ulcers  of  the  skin;  malignant  disease  is 
rather  common  among  actinographers ;  and  it  may  follow  the 
keratoses  of  lead  and  arsenic  workers. 

Ulcers  of  the  skin  in  workers  with  these  skin  irritants  should 
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be  regartled  as  precancerous  lesions  and  should  not  be  neglected. 
If  the  condition  is  a  simple  ulcer,  it  will  heal  if  properly  treated 
and  protectecl  from  further  injury.  Should  it  show  no  signs  of 
healing  after  a  few  weeks'  careful  treatment,  it  should  be  extir- 
pated. 

Each  occupation  has  its  own  hygienic  problem  which  should  be 
solved  with  the  greatest  safety  to  the  workman  and  with  justice 
to  the  employer.  To  accomplish  this  end,  each  industry  must  be 
investigated  from  a  hygienic,  economic,  and  sociological  view- 
point by  experts  in  these  departments  of  science.  After  careful 
studies  have  been  made,  the  facts  should  be  given  to  the  public, 
in  order  that  an  intelligent  and  unbiased  public  sentiment  may  be 
formed  which  will  give  expression  to  itself  in  scientific  and 
beneficial  legislation. 

In  considering  the  great  problems  of  industry,  both  capital  and 
labor  will  do  well  to  remember  that  of  all  the  instruments  used 
in  the  production  of  wealth  and  happiness,  none  is  so  delicate,  so 
sensitive,  and  so  indispensable  as  the  human  machine ;  the  em- 
ployer, therefore,  will  be  using  excellent  economy  in  preventing 
it  from  being  injured  by  dust  and  corroded  by  chemicals.  The 
employee  is  bound  by  sacred  duty  to  avoid  everything  that  may 
interfere  with  its  endurance  and  precision,  in  order  that  it  may 
render  maximal  service  to  his  employer  and  be  of  the  greatest 
blessing  to  mankind. 


GLEANINGS  FROM  THE  EXAMINER'S  DESK 


The  economizer  is  used  for  economizing  steam. 


Refraction  causes  something  to  be  seen  after   it  has  actually 
gone  out  of  sight. 


The  Law  of  Charles  is  not  very  important,  as  they  have  been 
tried  time  and  again  and  have  been  proven  untrue. 


The  economizer  is  a  condenser 


Lap  is  the  name  given   to  that  jKirtion  of  the  rotation  when 
steaju  is  admitted  before  completion  of  stroke. 


The  governor  regulates  the  steam  Mow  ihn)U.i,di  the  eccentric. 


Indicated    11.    P.— total   energy   in   the   steam   as  it  enters  the 
cvlinder. 


CITY  MANAGEMENT   AND  THE  CITY   MANAGER 

BY  H.  W.  MILLER 

Assistant  Dean,  Collcijc  of  Engiiiccriiiy 

It  is  the  purpose  of  this  article  to  present  merely  a  somewhat 
superficial  discussion  of  the  problem  of  city  management  and  not 
a  statistical  account  of  what  has  been  accomplished  under  any 
certain  methods. 

During  the  last  few  years  a  few  cities  of  the  United  States 
have  been  trying  the  experiment  of  placing  the  administration  of 
their  affairs  in  the  charge  of  one  man  chosen,  not  by  popular 
election,  but  for  his  qualifications  as  a  manager  of  such  affairs 
and  with  the  understanding  that  he  devote  his  whole  time  to  the 
duties  of  management  and  be  held  strictly  responsible  for  the 
results,  just  as  the  manager  of  any  commercial  organization.  It 
is  too  early  in  the  game  to  make  any  very  definite  statement  on 
the  working  of  this  scheme  as  compared  with  our  time-worn 
scheme  of  elective  selection  of  city  officials,  mayor,  etc. ;  or  the 
more  recent  scheme  of  commission  government. 

There  is  a  phase  of  all  this  movement  that  appeals  very 
strongly  to  one  who  is  analytically  inclined.  During  the  last 
thousand  years  methods  of  managing  public  affairs  have  been 
dressed  in  many  guises,  but  actually  have  seen  about  as  much 
real  progress  as  the  profession  of  law.  We  created  an  executive 
ofiice  which  should  be  responsible  for  the  proper  administration 
of  the  affairs  of  the  city ;  this  was  correct.  But  we  have  been 
electing  men  to  fill  that  office  with  practically  no  thought  of  their 
qualifications  for  administrative  work ;  a  doctor,  lawyer,  or  mer- 
chant perhaps  undertakes  such  duties  for  the  first  time  in  his  life 
when  he  becomes  the  mayor  of  a  city.  Likewise  we  elect  to 
many  of  the  city  offices  men  concerning  whose  qualifications  for 
the  work  which  they  will  be  required  to  do  we  have  given  prac- 
tically no  thought.  This  is  not  true  in  the  case  of  every  office, 
for  in  some  cases  the  special  duties  so  plainly  call  for  certain 
qualifications  that  we  choose  the  men  with  great  care.  This 
whole  procedure  when  viewed  in  a  commercial  light  is.  to  init  it 
very  mildly,  most  absurd. 

In  any  commercial  organization  there  is  but  one  way  to  obtain 
results  that  are  at  all  commensurate  with  the  money  invested; 
that  is,  to  place  in  complete  charge  of  all  departments  one  man 
who  is,  first,  a  competent  administrator ;  second,  qualified  by 
training  to  understand  thoroughly  all  the  details  of  his  organiza- 
tion, and  if  necessary  to  create  the  organization ;  third,  to  have 
him  give  his  whole  time  and  attention  to  this  one  job  and  hold 
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him  responsible  fur  results.  This  is  true  of  any  commercial 
organization,  no  matter  what  the  nature  of  its  business,  whether 
it  manufacture  shoes,  build  railroads,  dig  canals,  or  pave  streets. 

( )n  examination  of  the  duties  of  the  executive  of  a  municipal 
organization  one  finds  himself  hard  put  to  detect  any  difference 
whatever  between  them  and  the  duties  of  the  general  manager  of 
a  manufacturing  comjjany.  Why  we  have  been  so  long  in  decid- 
ing upon  the  proper  method  of  handling  public  afifairs  is  rather 
difficult  to  say,  and  ])erhaps  it  is  a  waste  of  time  to  speculate 
alx)ut  the  reasons.  Xow  that  the  scheme  is  being  tried,  it  is 
interesting  to  consider  the  type  of  man.  both  by  education  and 
natural  c|ualifications,  which  is  best  able  to  fill  the  position  of 
city  manager.     The  duties  of  the  office  are : 

To  sec  that  the  laws  and  ordinances  are  enforced. 

To  exercise  control  over  all  departments. 

To  direct  the  work  of  all  appointive  officers. 

To  employ  and  dismiss  all  city  employees. 

To  sui)erintend  the  construction  of  public  works. 

To  approve  or  disap])rove  requisitions  for  purchases  by  any 
city  officer  or  department. 

To  attend  all  meetings  of  board  of  trustees. 

To   recommend   to   the   board   of   trustees   for   adoption    such 
measures  as  he  may  deem  necessary  or  expedient. 

To  kcc])  the  board  full\-  advised  of  financial  condition  and 
needs  of  the  city. 
Included  with  the  administrative  ability  required  to  disc^harge 
these  duties  must  of  course  be  the  ability  to  understand  thor- 
oughly the  details  of  the  work  oi  each  of  the  sub-organizations  of 
the  city :  street  maintenance,  lighting,  building  regulation,  fire 
protectit)n.  drainage  and  sanitation,  etc. 

Commercial  organizations  seem  to  have  decided  that  the  ablest 
manager  is  found  in  the  man  who  possessses  the  required  admin- 
istrative ability  and  a  general  engineering  education ;  by  general 
we  wish  to  differentiate  from  the  highly  specialized  education. 
During  the  last  few  years  the  companies  that  have  sent  repre- 
sentatives to  the  University  of  Illinois  for  men  have  in  most 
instances  stated  that  they  wished  to  train  these  men  into  man- 
agers. I'roni  a  glance  at  the  duties  and  requirements  of  a 
manager  of  municipal  affairs  it  seems  that  if  there  is  one  special 
type  of  management  above  others  for  which  the  civil  or  municipal 
engineer  would  be  fitted  it  is  this.  Likewise  that  this  is  the  one 
ty|)e  of  management  the  special  duties  of  which  tlemand  an 
engineer.  The  engineer  manager  is  familiar  with  the  ]M-actical 
solutions  t>f  many  of  the  city's  jiroblems ;  his  training  has  made 
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him  a  wide-awake,  open-minded  investigator,  a  man  whose  domi- 
nant idea  as  an  engineer  is  that  to  be  a  success  he  must  be  the 
most  progressive  man  in  his  organization.  His  very  profession 
has  trained  him  to  keep  his  own  work  and  the  work  of  all  of 
those  under  him  in  the  open,  where  it  may  be  inspected  and  ciiti- 
cised.  Reports  and  records  are  always  an  important  part  of  his 
routine  work,  and  above  all,  if  he  is  a  true  engineer  his  methods 
and  results  are  always  compared  with  those  of  others  and  judged 
by  himself  from  but  one  standpoint,  that  of  efficiency. 


"The  ideal  instructor,  even  in  a  technical  subject,  is  not  neces- 
sarily the  greatest  expert  nor  the  keenest  investigator,  nor  the 
most  skilful  teacher.  In  these  respects  he  must,  of  course,  com- 
mand respect.  But  the  ideal  instructor  must  be  nothing  less  than 
the  ideal  man.  With  such  men  imbued  with  this  spirit  every 
technical  school  would  do  far  better  work  than  they  have  here- 
tofore been  permitted   to  do,  because  of  the  limitations  which 

have  been  traditionally  put  upon   such  schools If  the 

trained  technical  man  is  to  discharge  his  obligations  to  society 
aright,  it  will  be  because  the  technical  schools  of  our  land  and 
of  the  whole  world  awake  to  the  fact  that  they  must  give  to  the 
world,  not  technical  men  but  technical  men. 

Frederic  W.  Speirs, 
A  graduate  of  a  technical  school  and  at  one  time 

Editor  of  Booklovers'  Magazine. 


GLEANINGS    FROM    THE    EXAMINER'S   DESK 

Energy  is  negative  work. 


Total  heat  of  steam  is  the  total  number  of  dry  steam  which 
may  be  turned  into  B.  t.  u. 


The  condenser  injector  governor  is  used  to  control  the  amount 
of  steam  admitted  to  the  condenser,  and  also  the  amount  of 
water  which  is  admitted,  thus  assuring  perfect  condensation. 


Unit  of  power  is  that  unit  which  will  furnish  one  lb.  in  i  sec. 
Unit  of  work=  ft.  lb  where  i  B.  T.  U.=778  ft.  lb. 


The  lead  is  that  amount  which  is  given  by  which  the  steam 
can  again  begin  to  act. 


SELF-PROPELLED  RAILWAY  CARS 
BY  RAVMUXD  S.  ZEITLKR 

(Mr.  Zeitler  is  a  Mechanical-Electrical  Engineer  employed  here  by  the 
Japanese  Government  assisting  in  designing  and  building  their  new 
Dynamometer  Car.  He  was  formerly  connected  with  the  Engineering  Staff 
of  the  N'ortliwestern  Elevated  Company  of  Chicago,  and  has  been  em- 
ployed in   similar  capacities  by  various   companies. — Editor.) 

Nearly  every  forward  tnovement  in  industrial  progress  conies 
after  a  cvcle  of  efforts  and  failures  to  make  of  practical  use  new 
and  progressive  ideas.  These  cycles  usually  represent  the  pre- 
mature introduction  of  devices,  their  extremely  slow  economic 
development  or  utter  failure  and  abandonment ;  then  a  later  res- 
urrection and  adoption.  The  self-propelled  passenger  railway 
car  is  a  striking  example  of  a  much  needed  unit,  which  for  many 
years  eluded  the  best  efforts  of  railway  authorities  and  engineers, 
but  which  has  at  last  emerged  into  a  practical  field. 

The  advent  and  phenomenal  success  of  the  trolley  car  seemed 
to  urge  pioneers  in  the  development  of  the  gasoline  car  to  a 
prompt  introduction  on  steam  roads  of  their  much  heralded  inde- 
pendent unit,  designed  to  give  steam  road  passengers  the  comfort 
and  modern  convenience  of  electric  traction.  But  in  spite  of  un- 
limited financial  and  railway  support,  and  sympathy  and  encour- 
agement of  an  expectant  public,  this  forerunner  of  a  now  suc- 
cessful and  necessary  type  passed  into  oblivion. 

\'arious  solutions  of  the  problem  were  sought,  all  sources  of 
power  were  used,  such  as  high  pressure  steam,  compressed  air, 
storage  batteries  and  motors,  but  finally  resorted  again  to  the 
internal-combustion  engine,  both  mechanically  and  electrically 
connected  to  the  driving  wheels.  W'ithout  entering  into  the 
history  of  the  early  development  of  the  many  experimental  cars 
built,  it  can  lie  said  that  the  advantages  of  the  internal-combustion 
engine  in  operation,  maintenance  and  field  of  operation  are  so 
marked  that  this  article  will  be  confined  to  the  latest  and  most 
approved  railway  cars  driven  l)y  this  type  of  prime  mover. 
Internal  coml)ustion  engines  have  been  built  wlTich  will  use  fuel 
in  any  of  its  three  forms — solid,  gaseous  or  li(|ui(l.  The  use  of 
solid  fuel,  however,  has  not  been  placed  on  a  successful  commer- 
cial basis,  and  gas  fuels,  while  entirely  satisfactory,  are  prohibited 
by  the  conditions  of  motor-car  operations,  as  the  gas  must  be 
carried  in  demountable  tanks  and  a  suii])ly  maintained  along  the 
line  or  must  be  manufactured  in  some  kind  of  a  gas  producer  in 
the  car.  These  methods  limit  the  radius  of  operation  of  the  car 
and  introduce  complications  which  prevented  the  successful  oper- 
ation of  steam  and  com])resscd  air  cars. 
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Liquid  fuel  avoids  these  limitations.  The  internal  combustion 
engine  using  this  form  of  fuel  is  well  known  and  has  proved 
entirely  satisfactory.  To  the  high  perfection  of  this  type  of 
engine  all  credit  should  be  given  to  the  automobile  industry,  also 
to  the  latest  mode  of  transportation,  the  art  of  flying,  which  has 
brought  many  great  improvements  and  refinements  to  the  internal 
combustion  motor.  Liquid  fuel  ofifers  many  great  advantages  in 
methods  of  storage  and  handling  and  can  be  obtained  with  a 
greater  heat  value,  weight  for  weight,  than  any  other  fuel.  As 
an  illustration  of  the  economy  of  this  type  of  fuel,  it  is  to  be 
noted  that  gasoline  cars  of  from  30  to  50  ton  in  weight,  in  actual 
service  on  steam  lines,  are  carrying  an  amount  of  fuel  which  is 
equivalent  to  a  radius  of  operation  of  300  miles  without  re- 
charging, and  that  including  the  weight  of  water  for  cooling 
cylinders,  the  total  fuel  anrl  cooling  medium  does  not  exceed 
2,500  pounds. 

The  popularity  of  the  internal  combustion  engine  being  due 
to  gasoline  and  naphtha,  it  is  natural  that  this  fuel  should  be 
resorted  to  for  use  in  railway  motor  cars,  and  therefore  the  cars 
under  consideration  have  become  known  as  gasoline  railway  cars. 
From  the  historical  standpoint  the  successful  application  of  this 
type  dates  from  the  modern  development  of  the  gasoline  engine 
and  is  therefore  comparatively  recent.  At  this  point,  the  few 
successful  types  may  be  classed  in  two  groups,  according  to  their 
methods  of  transmitting  the  power  from  the  engine  to  the 
wheels. 

1st.  Gasoline  cars  with  electrical  transmission  to  the  axle, 
known  as  Gas-Electric  Cars. 

2nd.  Gasoline  cars  with  mechanical  transmission  to  the  axle, 
known  as  Gas-I\Iechanical  Drive  Cars. 

Gas  Electric 

In  the  Gasoline  Electric  Cars  the  engine  is  directly  connected 
to  the  generator  and  the  power  is  transmitted  electrically  to  the 
motors,  which  are  geared  to  the  driving  axles.  The  engine  and 
generator  are  mounted  inside  the  car  at  the  front  end.  in  what 
is  known  as  the  engine  room.  This  type  of  car  is  nearly  always 
built  for  single  end  operations ;  the  controller  and  electrical  equip- 
ment being  placed  in  the  engine  room,  likewise  a  small  air  com- 
pressor, which  furnishes  air  for  both  the  brakes  and  starting  the 
generator  engine. 

The  first  successful  or  important  installation  of  the  Gasoline 
Electric  Car  was  begun  on  the  Arad-Csanad  Railway  in  South- 
western Hungary.  A  service  begun  in  1905  has  grown  from  34 
trains  daily  under  steam  service  to  144  trains  with  the  gas-electric 
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operation.  The  fares 'were  reduced  about  one-third,  but  the 
receipts  have  constantly  grown.  Where  a  severe  deficit  existed 
under  the  steam  service,  the  gas-electric  brings  a  net  surplus  of 
between  forty  and  fifty  thousand  dollars  per  annum.  The  cars 
used  by  this  road  are  of  light  construction,  having  power  plants 
of  only  thirty-five  H.  P.  and  seventy  H.  P.  giving  an  average 
efficiency  of  onlv  65','  .  .Although  this  efficiency  seems  very  low, 
the  results  speak  for  themselves. 

The  most  widely  known  Gas  Electric  Car  in  the  United  States 
are  those  manufactured  by  the  General  Electric  Company  of 
Schenectady,  New  York.  This  car  is  built  to  a  standard  design, 
being  of  all  steel  construction,  rounded  front  end  and  with  either 
a  side  or  end  entrance.  The  power  plant  consists  of  an  eight 
cylinder,  four  cycle,  150  II.  P.  engine  of  the  \'  type  directly 
connected  to  an  eight  pole,  600  volt  commutating  pole  generator. 
The  power  plant  is  located  at  the  forward  end  of  the  car.  and 
occupies  a  space  of  approximately  12  feet  in  length.  The  electric 
drive  from  it  permits  the  use  of  a  smaller  wheel  base  than  with 
the  mechanical  drive  type  and  therefore  more  readily  adopted 
for  intern  I  ban  operation  with  its  small  radius  curves.  This  com- 
pany now  has  about  60  of  these  cars  in  operation  in  the  United 
States. 

In  addition  to  the  General  Electric  Company's  is  what  is 
known  as  the  "Dra-Car,"  manufactured  by  the  Drake  Railway 
Automotrice  Company  of  Chicago.  This  company  had  charge  of 
the  installation  on  the  Arad-Csanad  Railway  and  have  built  cars 
for  many  other  European  railways.  Their  engine  is  a  7  cylinder, 
areoplane  type  directly  connected  to  the  generator,  imported  from 
France.  Their  generators  were  designed  by  the  French  West- 
inghouse  Company.  This  company  has  furnished  five  cars  to 
the  Missouri,  Oklahoma  and  Gulf  Railway  and  reports  orders 
for  a  number  of  others.  Their  standard  car  is  fifty-six  feet  long 
over  the  Ijumpers  and  nine  feet  six  inches  in  width,  and  is  di- 
vided into  different  compartments  according  to  the  requirements 
of  the  railroad  company,  with  the  engine  compartment  at  *''e 
front  end.  A  few  remarks  here  might  be  in  place  in  this  con,  ac- 
tion upon  a  type  of  car  which  has  been  to  some  extent  and  v.'^  vdi 
still  seems  to  be  advocated  ;  that  is.  combination  of  the  gasoline 
electric  car  with  the  storage  battery  auxiliary.  The  idea  of  stor- 
ing u])  electricity  in  a  storage  battery  appears  so  feasible  tliat 
some  engineers  and  officers  of  railroads  still  ask  for  this  type  of 
car.  The  fact  is  that  the  storage  battery  is  of  no  real  value  in 
combination  with  the  electric  drive  as  it  has  been  developed  to-day. 
The  real  value  of  the   electric   drive   lies  in   the   possibility  ot 
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working  through  a  wide  range  of  voltage  and  current,  and  the 
idea  of  using  a  storage  battery  with  it  is  based  upon  a  miscon- 
ception of  the  meaning  of  the  electric  drive.  The  variable  voltage 
control  with  a  gas  electric  drive  gives  the  same  results  as  the 
storage  battery  auxiliary  and  with  greater  economy  in  weight  and 
power. 

Mechanical  Drive 

Alany  smaller  and  lighter  cars,  such  as  inspection,  emergency 
service,  etc.,  are  used  by  the  railroads,  but  this  class  is  outside  of 
the  article  and  will  therefore  be  omitted.  Aside  from  these,  the 
best  known  and  in  fact  the  only  Gasoline  Mechanical  Drive  Cars 
of  importance,  are  those  manufactured  by  the  McKeen  Motor 
Car  Company  of  Omaha,  Nebraska.  The  development  of  this 
car  began  in  the  Union  Pacific  Railway  Company's  shops  at 
Omaha,  under  the  direction  of  Air.  \\'.  R.  AIcKeen,  at  that  time 
superintendent  of  motive  power.  There  is  now  a  separate  organ- 
ization under  the  above  name.  Their  first  car  was  built  in  1905. 
In  its  latest  development  the  standard  car  is  of  all  steel  construc- 
tion, from  55  to  70  feet  overall  length,  built  with  either  center  or 
side  entrance  and  a  pointed  front  end.  The  exterior  with  its 
sloping  roof,  smooth  sides,  and  pointed  end  gives  the  appearance 
of  being  suitable  for  high  speeds.  The  interior  of  the  car  is 
divided  into  engine  and  seating  compartment,  either  with  or  with- 
out a  smoker,  baggage  or  express  compartment  as  desired.  The 
passenger  compartment  may  seat  as  many  as  one  hundred  pas- 
sengers. It  is  a  double  track  car  having  the  engine  .mounted  on 
the  front  truck  in  such  a  manner  as  to  have  the  cylinders  extend 
into  the  engine  room,  thereby  permitting  the  driver  or  the  engi- 
neer to  attend  to  any  adjustment  that  may  be  needed.  The 
engine  is  a  six  cylinder,  200  to  300  H.  P.,  according  to  the 
'ength  of  the  car  and  the  work  required  from  it,  and  is  connected 
to  the  driving  axle  by  a  silent  chain,  clutch,  and  suitable  gearing. 
The  engine  is  reversible  and  is  started  by  compressed  air,  there 
being  a  small  air  compressor,  driven  by  a  single  cylinder  gas 
V.igine,  located  in  the  engine  room.  This  compressor  also  fur- 
nislies  air  for  operating  the  brakes,  clutch  and  gear  shifting 
mechanism.  Maximum  speeds  obtained  by  these  cars  are  as  high 
as  60  to  70  miles  an  hour.  These  cars  are  fitted  with  fuel  tanks 
of  100  gallons  capacity,  equal  to  about  300  miles  radius  of  oper- 
ation. 

The  manufacturers  report  that  in  April,  1913,  138  of  these 
cars  were  in  operation  on  50  dififerent  railroads  in  the  United 
States  and  foreign  countries.  Recently  seven  of  these  cars  were 
shipped  to  Australia ;  two  to  the  \^ictorian  Government  Railways 
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and  five  to  the  Queensland  ( ;«)vcrnment  Kaihvay.  Same  of  the 
railroads  operating  this  type  of  car  in  the  United  States  are: 
Santa  l-'e.  Union  I'acitic.  Chicago  &  Xorthwestern.  Erie,  and 
Pennsylvania  R.  K.  In  Europe  this  type  of  car  has  been  built 
bv  several  different  coni])anies  and  are  in  operation  on  the  (ireai 
Western  Railways  (ICngland).  the  Swiss  I'ederal  State  Railway, 
and  the  W'urteniburg  State  Railways. 

To-day  the  development  of  the  gasoline  propelled  cars  has 
touched  the  steam  locomotive  held  and  the  Baldwin  Locomotive 
Company  are  now  manufacturing  Gasoline  Industrial  Locomotives 
with  a  maximum  draw  bar  pull  of  3.500  pounds.  Although  this 
seems  verv  small,  it  nevertheless  shows  the  tendency  toward  the 
Internal  Combustion  Engine  Locomotive.  The  loconiotive.  how- 
ever, of  the  most  note  is  the  one  built  under  the  direction  of  Mr. 
Rudol])h  Diesel  of  Munich,  (iermany.  It  is  operated  by  a  crude 
oil  engine  which  was  designed  by  Mr.  Diesel,  giving  a  draw  bar 
pull  of  30.000  pounds.  In  reference  to  this  locomotive,  I  wish  to 
quote  from  an  article  by  Mr.  W.  R.  McKeen.  as  follows: 

"Regarding  Mr.  Diesel's  observations  concerning  the  Internal 
•Combustion  Engine  Locomotive,  it  may  be  said  that  he  unques- 
tionably advances  points  not  thoroughly  appreciated  or  devel- 
<)])ed.  Railroading  is  a  profession.  Scientific  work  in  conjunc- 
tion with  wide  i)ractical  experience  is  jiarticularly  productive  of 
good,  beneficial  and  economical  results  in  railniading.  but  with- 
out this  necessary  scientific,  practical  knowledge  and  long  expe- 
rience an  individual  is  not  reliable  in  devclo])nient  work  of  new 
railroad  devices  and  j)rinciples.  Some  requirements  are  magnified 
and  others  minimized,  and  the  distortion  of  the  cardinal  necessi- 
ties is  frec|uently  the  cause  of  ultimate  failure.  Mr.  Diesel  seems 
to  magnify  the  task  of  a])plying  the  Internal  Coni])ustion  Engine 
to  railroad  locomotive  purposes.  In  his  application  of  the  Inter- 
nal Combustion  b'ngine  to  a  locomotive  his  design  shows  unnec- 
essary and  rcgretable  complications,  and  while  a  locomotive  of 
such  a  design  could  make  a  very  favorable  test  and  demontsra- 
tion.  its  trouble  would  l)c  in  niccling  with  small,  everv-dav  hard- 
:ships  of  ordinary  railroad  service  conditions.  A  multiplicity  of 
mechanisms  to  simjjlify  the  operation  is  not  necessariK-  unjusti- 
fiable; on  the  other  hand,  undue  numbers  c^f  mechanisms  should 
be  avoided  as  a  general  economical  railroad  princi]ile.  A  steam 
locomotive  has  great  flexibility,  in  case  of  a  little  oil.  weeds 
or  frost  on  the  track,  a  little  water  in  the  cylinders,  too  much 
water  in  the  boiler,  destroying  the  lubrication  of  the  machinery. 
valves,  etc..  rods  on  dead  center,  small  obstnulion  to  the  drivers. 
and  various  other  causes,  the  draw  bar  pull  is  seriously  interfered 
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with  ami  the  highest  skill  of  an  experienced  locomotive  engineer 
is  necessary  to  ease  the  load  on  the  locomotive  in  getting  started. 
So  with  an  Internal  Combustion  Engine  locomotive,  it  is  not 
unreasonable  to  expect  the  operator  to  use  some  skill  in  easing 
the  load.  Therefore  the  prime  mover  should  l)e  as  simple  and 
direct  a  means  as  ix)ssiljle  coupled  to  the  driving  axles  and  any 
serious  complications  and  unnecessary  iiK-chanisms  should  be 
avoided." 

As  the  main  factor  which  induces  railroads  to  use  and  operate 
units  of  this  type  of  transportation  is  the  financial  and  economical 
part,  a  comparison  of  first  cost,  operation,  etc..  is  very  essential. 
In  comparing  any  figures  where  comparison  and  operating  ex- 
penses of  different  types  of  rolling  stock  or  motive  power  are  con- 
sidered, the  (jrcatest  problem  is  to  equate  the  unequal  factors  or 
in  establishing  an  equitable  and  comparable  service  zvith  the  same 
volume  of  traffic  under  the  same  conditions  and  ivith  the  same 
earning  caf'^n-ity.  As  the  volume  of  traffic  is  a  variable  quantity 
and  is  stimulated  or  retarded  to  quite  a  considerable  extent  by 
the  type  of  power  used,  it  can  be  seen  that  this  comparison  must 
be  very  carefully  worked  out.  For  example,  the  Gasoline  ?^Iotor 
Car  will  stimulate  more  new  business  than  either  the  electric 
traction  or  steam  service  and  under  most  conditions ;  yet  there  are 
conditions  where  steam  train  service,  especially  on  long  distances 
and  under  spasmodic  conditions,  will  handle  more  successfully 
the  passenger  business  than  either  the  gasoline  or  electric  equip- 
ment. 

Comparison  of  a  22  mile  Interurban  operated  with  Electricity 
and  Gasoline  Mechanical  Drive  Cars : 

600  Volt  High 
Investment  Tension  Electric     Gas  Mecli.  Drive 

JJ  Miles  Track  Construction  Installation  Motor  Cars 

60  lb.  rail  (a}  $10,000  per  mile $220,000.00  $220,000.00 

Twi)  Motor  Cars  24,000.00  38,000.00 

Trolley,    Transmission    and    Feeder    Lines 

^    $.1,500  per  mile 77,000.00 

Rail  bonding  (a   $450  per  mile 9,900.00 

_'  Sub-stations  (q:  $24,000.00 48,000.00 

Tower  House  (ft  $3,000  per  mile 66,000.00 

Total    Investment   $224,900.00  $  38.000.00 

.*^avinR  in  first   Investment $186,900.00 

Interest  at  s'f   per  year  on  Investment $  11,245.00  1,900.00 

Saving   in    interest   by   installing   Gas    Me- 
chanical  Drive  Cars  9.345.00- 
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Interest  per  car  mile  based  on   Yearly  car 

mileage  of  128,480  miles 8.75c  1.48c 

Saving  in  interest  per  j^ear  per  car  mile  by 

installing  Gasoline  Mechanical  Drive  Cars  "-"c 

The  cost  of  track  construction  with  60  lb.  rails  varies  from 
$8,000.00  to  $12,000.00  per  mile,  depending  upon  the  cost  of 
right  of  way,  cuts  and  fills,  number  of  bridges  and  stations 
required  and  local  conditions.  A  sixty  pound  rail  is  amply  heavy 
for  the  gasoline  car ;  electric  lines,  however,  are  using  a  much 
heavier  rail,  but  for  this  comparison  the  cost  of  track  construc- 
tion, stations,  etc.,  can  be  considered  the  same  for  an  electric 
line  or  gasoline  motor  car  installation,  and  the  cost  for  22  miles, 
taking  an  average  cost  of  $10,000.00  per  mile,  would  be  approxi- 
mately $220,000.00. 

The  two  gasoline  cars  included  in  this  estimate  are  55  foot,  of 
all  steel  construction,  embodying  all  modern  improvements  in  con- 
struction, ventilation,  heating,  etc.,  and  each  car  has  a  seating 
capacity  of  70.  The  selling  price  of  these  cars  is  $19,000.00 
F.  O.  B.  Omaha. 

The  price  of  the  Gas  Electric  Cars  to  be  used  under  the  above 
conditions  is  from  $23,000.00  to  $26,000.00  each  F.  O.  B.  Erie, 
Pa.,  according  to  the  type  of  car  body  selected. 

The  latest  and  up-to-date  electric  trolley  cars  of  semi-wood 
construction,  weighing  about  35  tons  and  seating  60  passengers, 
vary  in  cost  from  $10,000.00  to  $16,000.00  each,  and  for  com- 
parative figures  it  has  been  estimated  that  the  cost  of  electric  car 
is  $12,000.00  each. 

In  recent  issues  of  the  Engineering  Xez^'s  and  Electric  Railway 
Journals  have  been  published  some  very  elaborate  detail  esti- 
mates covering  the  cost  of  600  volt,  1200  volt  and  single  phase 
electric  line  and  the  above  figures  as  to  the  cost  of  electric  cars, 
and  electric  line  installation,  have  been  based  on  the  figures  so 
given  by  electric  engineers  in  the  above  mentioned  magazine. 
The  cost  of  600  volts,  sixty  passenger  electric  cars  is  given  at 
$12,000.00  each,  sub-stations  at  $24,000.00  each,  rail  bonding 
$400  to  $500  per  mile,  and  the  trolley,  transmission  and  feeder 
lines  per  mile  is  as  follows : 

Trolley  wires  and  poles $^,-264.99  Per  mile 

Transmission  line  73-2.57 

Feeder  line  682.69 

Total   $3,680.25 

With  reference  to  the  cost  of  the  power  house.  $3,000.00  per  mile 
is  given  by  engineers  as  an  average  price  for  power  houses  for 
electric  interurban  lines  of  100  miles  in  length.     Focal  conditions, 
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types  of  boilers,  types  of  generator  equipments,  use  of  turbines 
or  engines,  use  of  condesing  apparatus,  coal  and  ash  machinery, 
etc..  wtniUl  govern  the  cost,  and.  therefore,  the  cost  of  power 
house  and  other  plants  for  a  22  mile  line.  1  believe  $3,000.00  per 
mile  to  be  a  rather  low  estimate. 

Dc/^rcciatioii 
Comparison  of  depreciation.     600  volt  electric  installation  and 
gasoline  mechanical  drive  cars: 

Electric  Cars  Gasoline  Motor  Cars 

Rate  per  yr.        Amt.         Rate  per  yr.        Amt. 

Rulling   Stock   6^7c       $  1,600.00  5%  $  2,000.00 

Trolley  and  Feeder  Lines....      5  3,850.00 

Rail   Bonding  10  990.00 

Sub-stations    5  2.400.0O 

Power  House  5/^  3,630.00 


Total   $12,470.00  $  2,000.00 

Saving  per  year    on    depreciation    by 

installing  Gasoline  Motor  Cars $10,470.00 

Depreciation   per    car  mile    based    on 

yearly  car  mileage  of   128,480  miles  9.70c  1.58c 

Saving  in  Depreciation  per    car    mile 

by  installing  Gasoline  Motor  Cars....  7.12c 

The  above  depreciation  figures  for  electric  lines  are  based  on 

engineering  rei)orts  and  electrical  journals,  which  are  as  follows : 

Transmission  Lines  Average  Life        20  years 

Sub-stations  "  "  20 

Trolley  and  Feeder  Lines "  "  15 

Rail   Bonding  "  "  10      " 

Flcctric   Cars "'  "  15 

Depreciation  of  power  house  taken  at  Sj/^Sr  is  based  on  tlie 
following: 

Buildings,  etc 3     % 

Boilers  10 

Engines  and  Generators  7'/> 

The  depreciation  on  the  gasoline  motor  car  is  shown  at  5%. 
which  I  believe  vt-ry  conservative,  in  view  of  the  fact  ihat  this 
car  is  of  all  steel  construction,  practically  indestructible,  that  the 
engine  is  built  for  railroad  service  and  ami)ly  pro])ortioned.  I 
would  call  attention  to  a  McKeen  (iasoline  Motor  Car.  that 
after  seven  years  of  service  made  the  attractive  record  of  cover- 
ing 5.000  miles  during  the  past  montli.  earning  $117  per  day  at 
a  total  opcr.iting  charge  of  14c  ])er  car  mile.  This  is  a  ]ier- 
formance  which  should  interest  you.  It  shows  a  ,i,Mcatcr  earning 
efficiency  than  a  i)assenger  train  and  also  sb  iw->  tlial  tlie  age  of 
the  car  docs  not  decrease  its  elViciencv. 
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Cost  of  operation. 

The  Gasoline  Motor  Car  in  railway  service  averages  three 
miles  per  gallon  of  gasoline,  some  of  the  cars  making  three  and 
one  half  miles  and  better  per  gallon.  The  total  cost  of  operation 
in  rail-road  service  where  the  motorman  and  conductors  are  paid 
the  same  wages  as  the  steam  train  crew  varies  from  16  to  i8c 
per  mile  and  the  average  cost  of  operation  per  car  mile  is  16c. 
The  detail  cost  of  operation  per  car  mile  being  a  years  average 
for  five  cars  on  one  of  the  western  railroads  is  as  follows, 

Repairs  2.74c  per  car  mile 

Gasoline    4-59 

Motcrman    2.99      "       "        " 

Conductor    2.81       "       "        " 

Cleaning    99       "       " 

Oil  and  waste  46      " 

Miscellaneous   Supplies  37 

Total    14-95 

In  case  the  motorman  is  paid  a  monthly  salary  of  $125  and  the 
conductor  $100,  the  cost  of  crew  per  car  mile  would  be  4.2c. 

Running  and  shop  repairs  average  two  or  three  cents  per  car 
mile.  With  the  large  and  ample  proportions  of  the  engines 
placed  in  these  cars  which  increases  its  life,  the  cost  of  operation 
per  car  mile  of  i6c  is  a  conservative  one  for  an  estimate.  Recent 
reports  in  Electric  Engineering  Magazines  have  shown  the  oper- 
ative cost  of  the  modern  and  up  to  date  electric  interurban  lines 
in  Indiana,  Ohio  and  Illinois  to  vary  from  19.4  to  20.8c  per  car 
mile.  These  lines  have  the  most  efhcient  power  plants,  serve 
large  cities  and  give  frequent  service,  therefore  the  cost  per  car 
mile  would  be  less  than  on  short  electric  lines. 

An  electrical  engineer  showing  the  detailed  cost  of  operation- 
of  electric  cars,  published  in  one  of  the  Electric  Journals  shows- 
the  operation  and  maintenance  of  sub-station  to  vary  from 
$2,000.00  to  $5,000.00  per  year,  and  the  cost  of  maintenance,  of 
transmission,  trolley  and  feeder  line  to  be  from  $125.00  to 
$250.00  per  mile  per  year.  Figuring  the  cost  of  electric  power 
at  i>4c  per  K.W.  per  hour  which  is  conservative  and  using  the 
above  lowest  figure  for  maintenance,  transmission,  feeder  and 
trolley  lines,  etc.  cost  of  operating  electric  car  ])er  car  mile 
would  be  approximately  20c.  In  this  connection  it  is  interesting 
to  note  that  the  report  of  the  Railroad  Commission  shows  that 
the  average  cost  of  operating  electric  trolley  roads  in  the  State 
of  Massachusetts,  including  city  lines  giving  freciuent  service  as 
17.2c  per  car  mile,  excluding  interest  and  depreciation  and  the 
cost    per    car    mile    with    interest    and    depreciation    as    30.527c. 
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Therefore  taking  an  average  cost  operation  of  i6c  per  car  mile 
for  gasoline  motor  cars  and  20c  for  the  electric  we  have  the 
following  comparison,  figuring  that  each  car  will  make  four 
round  trips  per  day  or  176  miles  per  day,  making  a  total  yearly 
mileage  of  128,480  miles. 

Electric  Gasoline 

Cost  of  Operation  per  Car  Mile 20.0  c  16.0  c 

Interest  on   Investment  per  Car  Mile 8.75  1.48 

Depreciation    per   Car   Mile 9-70  i-58 

Totals 38.45  1906 

Saving  per  car  mile  in  favor  of  gasoline  motor  cars  19.39c.  The 
al>ove  saving  in  operation  per  car  mile  by  installing  Gasoline 
Motor  Cars  in  place  of  electric  installation  would  mean  a  total 
saving,  based  on  the  yearly  car  mileage  of  128,480  miles,  of 
$25,798.78  and  therefore  the  Ga^oJine  Motor  Cars  will  soon  pay 
for  themselves. 

An  awakening  sense  in  traction  engineering  and  operation  is 
rapidly  developing  along  the  lines  of  efficiency  and  more  attention 
is  being  paid  to  the  choice  of  proper  elements  or  machines  to 
j)erform  a  given  work.  The  same  sentiment  and  judgment  that 
governs  the  elimination  of  heavy  grades,  causes  electrification  of 
difficult  sections,  should  equally  control  the  lesser  traction  ele- 
ment and  those  to  which  the  Gasoline  IVIotor  Car  is  more 
strictly  aj)plical)le.  Any  large  railway  system  when  spread  out 
in  plan  rejjresents  a  net  work  with  feeders  or  branches  radiating 
from  the  mains  or  chief  arteries  of  travel.  It  is  indeed  a  for- 
tunate railway  system  whose  passenger  receipts  from  feeder  and 
branch  lines  show  a  jirofit  over  cost  of  operation.  Vet  the  public 
.must  be  served,  even  tho  a  deficit  results  from  such  service. 

The  average  branch  line  service  on  the  steam  roads  docs  not 
fill  a  steam  train  nor  does  it  justify  the  expenses  of  running  one. 
L  sually  these  trains  are  composed  of  engines  and  equipment  con- 
sideied  obsolete  for  main  line  service.  The  locomotives  are 
notoriously  wasteful  and  often  in  bad  condition.  The  branch 
traffic  thus  ordinarily  rcf^rescnts  the  most  c.v/^cnsirc  per  mile  ser- 
vice on  the  entire  road  and  for  such  cases  the  Gasoline  Motor 
Car  f)flFers  a  wonderful  relief  and  can  usually  sliow  a  jirofit.  The 
actual  operating  cost,  in  contrast  with  a  locomotive  is  very  large, 
without  considering  the  collateral  expense  attached  to  steam 
service,  such  as  round-house  and  terminal  service,  water  tanks, 
and  coaling  shoots  with  its  attendants,  etc. 

In  the  field  of  electric  traction  ibc  gasoline  car  ma\-  success- 
fidly  perfonu  the  service  of  owl  cars  tlul'^  permitting  the  opcr- 
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ating  cost  to  be  greatly  reduced.  In  case  of  projected  extensions, 
it  may  be  used  to  develop  or  demonstrate  traffic,  that  later  elec- 
trafication  may  follow.  By  certain  trackage  arrangement  it  could 
serve  as  a  unit,  operating  partially  on  steam  railway  tracks  and 
then  enter  and  penetrate  to  civic  centers  for  the  accommodation 
of  entire  new  traffic  thus  created.  Xo  modern  development  in 
railroad  transportation  has  awakened  such  interest  or  found  so 
large  a  market  awaiting  its  advent  as  the  self-propelled  motor 
car.  The  installation  of  gasoline  motor  car  is  the  most  economical 
investment  and  not  only  is  derived  an  enormous  saving  in  inve^^t- 
ment  and  operation,  but  the  gasoline  motor  car  appeals  to  the 
public  and  is  a  developer  of  new  lucrative  business. 


GLEANINGS    FROM   THE   EXAMINER'S   DESK 

When  work  is  done  upon  or  by  a  body  without  changing  the 
amount  of  energy  available,  a  certain  amount  of  available  energy 
is  either  created  or  destroved. 


The  angle  of  advance  is  the  angle  which  the  piston  has  when 
the  ports  are  closed. 


The  unit  of  power  is  the  pound.     It  equals  four  time  distance 
Avithout  respect  to  time. 


The  angle  of  advance  is  the  opening  when  the  slide  valve  is 
at  the  end  of  its  stroke. 


The  C.  G.  S.  System  of  Units  is  the  weight  of  a  cm.  acting  on 
a  gram  for  a  second. 


The  water  column  is  to  give  pressure  to  the  feed  water  enter- 
ing the  boiler. 


PRACTICAL   QUESTIONS    FOR   DETERMINATION    IN 
ADVANCE  OF  ENTERING   BUSINESS 

(Abctract  of  a  lecture  by  Stephen  \V.  <",ilman.  Professor  of  Business  Administra- 
tion,  I'nivcrsity  of   Wisconsin.— Editor. ) 

On  March  26  Mr.  Stephen  W.  (iihnan,  Professor  of  Business 
Aflministration  at  the  University  of  Wisconsin,  lectured  to  the 
engineering  students  on  "F'ractical  Questions  for  Determination 
in  Advance  of  Entering  Business." 

He  emphasized  the  inii)ortance  of  engineers  possessing  the 
business  instinct,  cuhivating  tact  and  dii)loniacy,  and  acquiring  a 
knowieilge  of  human  nature  and  commercial  problems.  The 
engineer  with  a  commercial  bent  should  use  his  technical  skill  as 
a  stepping  stone  for  a  commanding  position.  It  should  be  remem- 
bered that  big  interests  in  commerce  pay  the  bills  of  engineers 
and  for  engineering  enterprises.  The  engineer  possessing  an 
analytical  commercial  bent  and  who  can  analyze  financial  under- 
takings and  understand  the  wily  schemes  of  the  promoter  will 
make  more  rapid  progress  tlian  the  one  lacking  in  these  jioints. 
There  are  engineers — "technical  slaves" — working  in  buildings  in 
Chicago  and  Xew  ^'ork  for  less  than  the  janitors  in  those  build- 
ings because  they  lack  tlie  commercial  equipment  demanded  by 
progressive  men. 

Prof.  Ciilman  said  he  would  like  the  engineers  to  be  known  as 
"cf)mmercial  engineers,  not  a  conil)ination  of  high  lace  boots, 
rough  necks  and  mathematics.  F-ngineers  with  business  heads, 
with  man-of-the-world  balance,  with  commercial  and  social  poise, 
with  mind  and  body  under  control,  antl  who  have  a  broad 
vision." 

Engineers  will  always  lie  in  demand  by  big.  ])owerful  interests, 
but  it  will  be  engineering  skill  with  an  "appreciation  of  scientific 
business  organization  and  management." 

Due  to  the  fact  that  the  field  of  engineering  has  broadened  out 
in  the  last  few  years,  technical  men  should  be  e(|uii)iK"d  with  a 
training  in  business. 

In  following  up  this  idea  Prof.  Ciilman  next  discussed  the 
matter  of  partnerships  and  the  investigation  of  corporations. 

If  a  ])artnership,  the  character  of  the  proposed  partners  is  of 
prime  imjiortance.  The  fullest  ]iossil)le  information  regarding 
them,  as  their  rei>utation  as  lionorable  l)Usiness  men.  Iiow  they 
stand  with  Iniancial  peo])le.  determination  as  to  whether  they 
have  been  guilty  of  irregular  practice,  must  be  secured  l)eft>re  a 
partnership  is  entered  into  or  business  performed.  To  do  this  it 
is  necessary  that  th'^  investigator  jiossess  the  faculty  for  "scientific 
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pumping  for  information."  Their  personal  attributes,  involving 
a  study  of  the  human  element,  must  also  be  determined.  This 
includes  an  analysis  of  their  personality,  determination  of  whether 
there  will  be  real  cooperation  or  a  tendency  to  trouble  making; 
determination  of  whether  they  are  open  minded  and  tolerant, 
prompt  and  united  in  action,  free  from  envy,  discontent  and 
criticism ;  and  determination  of  their  fitness  to  manage  people 
well,  to  make  strong,  financial  people  confident  and  assured. 

The  points  to  be  considered  in  an  investigation  of  a  corpora- 
tion were  taken  up  last  and  in  the  following  order:  Plan  of 
organization  and  the  corporation  laws  of  the  state  under  which 
organiation  was  efifected.  The  latter  is  quite  important,  as  the 
laws  of  certain  states  are  very  lax,  thereby  making  fraudulent 
promotion  possible.  Unusual  features  in  charters  and  by-laws, 
commonly  called  "jokers,"  should  be  watched  as  closely  as  is  done 
in  the  case  of  titles. 

Attention  was  also  called  to  the  importance  of  investigations 
into  property  books  and  financial  statements,  into  the  business 
record  of  directors  and  members  of  executive  committees,  and 
to  special  and  peculiar  qualifications  of  officers. 

These  points  were  emphasized  for  the  reason  that  engineers 
more  than  almost  any  other  profession  are  liable  to  fraud. 

In  conclusion,  the  engineers  were  reminded  that  he  who  has 
the  most  well-rounded  character  is  the  one  who  achieves  after 
graduation.  Willis  Lerche,  '14. 


MILITARY  FIELD  ENGINEERING 

MAJOR   F.    D.   WEBSTER,   U.   S.   INFANTKV 

Professor  of  Military  Science  and  Tactics 

Military  Field  Engineering,  (Icfined,  is  the  art  of  utilizing  the 
materials  at  hand  fur  the  attainment  of  security,  effectiveness, 
health,  and  comfort  of  an  army  in  the  field. 

Fortifications  are  divided  into  two  classes,  (a)  permanent,  and 
(b)  teinjHirary  or  field.  Permanent  fortifications  are  those  built 
in  connection  with  sea-coast  defences,  and  are  more  or  less  elabo- 
rate. I-'icld  fortifications  are  again  subdivided  into  (i)  field 
works,  for  the  defense  of  arsenals,  bridges,  fords,  positions,  etc.; 
(2)  siege  works,  devices  of  the  engineer  for  the  reducing  and 
capturing  of  fortified  places  by  the  use  of  parallels  and  ap- 
proaches; and  (3)  battle,  or  hasty  intrenchments,  used  by  an 
armv  for  protection  in  the  presence  of  an  enemy. 

The  purpose  of  this  paper  is  not  to  go  into  the  details  of  Mili- 
tary Field  Engineering,  but  to  give  a  general  idea  of  the  relation 
that  it  may  bear  ti)  engineering  in  general,  and  more  particularly 
tt)  Civil  I-Jigineering  as  taught  at  the  universities.  All  civil  engi- 
neers are  trained  along  certain  lines  which  should  make  them 
useful  adjuncts  to  the  army  in  case  of  emergency  in  time  of  war. 
These  engineers  in  time  of  war  are  used  for  building  field  forti- 
fications, bridges,  roads,  railroads,  and  other  such  works,  but 
always  something  that  must  be  done  in  a  hurry,  as  time  is  the 
main  element  in  time  of  war.  "To  get  there  first  with  the  most 
men"  is  the  one  maxim  every  general  should  have  as  his  motto. 
A>  a  rule  there  are  not  enough  engineers  with  an  army  to  attend 
to  all  the  work  necessary,  and  such  work  then  falls  on  the  soldiers, 
usually  the  infantry.  The  only  way  to  defeat  an  enemy  is  to 
seek  him  out  and  fight  him.  The  enemy  always  endeavors  to 
l)lace  himself  in  such  a  position  that  to  approach  him  only  the 
hardest  road  is  open  to  the  attack.  Especially  is  this  true  when 
he  |)laces  himself  on  the  opposite  bank  of  an  unfordable  river 
and  destroys  all  bridges  and  ai)proaches.  Then  comes  the  duty 
of  the  lield  engineer.  lie  must  seek  out  a  place  and  throw  or 
build  a  bridge  to  get  the  army  across  the  river  tiuickly  and  in 
sufficient  numbers  to  defeat  the  enemy.  Oftentimes  this  has  to 
be  done  under  fire,  rendering  the  task  doubly  difficult. 

.•\ccoriling  t(»  the  I'Meld  Service  Regulations  of  ihc  I'nited 
States  .Xrmy,  every  infantry  division  consists  of  19.752  men. 
dividcfl  into  jiine  regiments  of  infantry,  one  regiment  of  cavalry, 
two  regiments  of  field  artillery  with  forty-eight  guns,  quarter- 
master, signal  and  sanitary  troops,  ])ack  trains,  etc.,  and  only  one 
battalion  of  engineers.  This  battalion  consists  of  three  pioneer 
companies,  total  fifteen  officers  ;md  :;oi  cMilisted  men.  and  seven- 
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teen  wagons.  With  each  battahon  there  are  six  divisions  of 
bridge  equipage,  four  heavy  and  two  Hglit.  The  heavy  (Hvisions 
carry  225  feet  of  bridge  each,  and  the  hght.  186  feet  of  bridge. 
With  this  amount  of  material,  a  Ijridge  1,272  feet  long  can  be 
thrown  across  a  river  which  will  carry  anything  in  the  way  of 
troops,  field  artillery,  and  loaded  army  wagons.  The  transporta- 
tion for  this  material  consists  of  thirty  wagons  and  (»ne  hundred 
and  forty  mules.  When  the  bridge  train  is  not  present,  the  engi- 
neers make  improvised  floating  and  spar  bridges  of  various  kinds 
from  any  and  all  material  at  hand. 

The  course  at  West  Point  includes  both  Civil  and  Military 
Engineering.  Only  a  limited  number  of  graduates  go  into  the 
engineering  corps,  the  remainder  going  into  the  line  of  the  army. 
Those  joining  the  Infantry,  Cavalry,  and  Field  Artillery  after- 
wards attend  the  service  schools,  taking  advanced  courses  in 
field  engineering,  and  assume  the  duties  of  the  engineers  when 
they  are  not  present  in  the  field. 

The  various  duties  of  the  Military  Field  Engineers  may  be 
summed  up  as  follows : 

A.  To  assist  in  gaining  information.     Including ; 

1.  Reconnaissance  for  routes  of  communication. 

2.  Surveying  and  road  sketching. 

3.  Photography. 

4.  Map  reproducing. 

B.  To  facilitate  the  march.     Including: 

1.  Demolition    of    obstructions   on    roads,    fords,   or   other 

routes. 

2.  Clearing  routes  through  woods. 

3.  Laying    out,     constructing,     repairing,     and     improving 

roads. 

4.  Marking  and  illuminating  routes. 

5.  Improving  fords. 

6.  Preparing  approaches  to  fords  and  bridges. 

7.  Repairing  bridges. 

8.  Constructing  improvised  bridges. 

9.  Laying  pontoon  bridges. 

10.     Assisting  artillery  and  wagons  through  difficult  places. 

C.  To   assist   in   work   usually   performed    by   engineer   troops 
from  the  rear.     Including: 

1.  Minor  repairs  to  railways. 

2.  Laying  portable  field  railway. 

3.  Erecting  portable  bridges. 

4.  Ferrying. 

5.  Strengthening  communications  to  take  heavy  traftic. 

D.  To  assist  in  advance  guard  action. 


PHILOSOPHY  FOR  THE  ENGINEER 
I'.V  A.  ELMENDORF 
luiitor  The  Tcchnografh,  19'3--I4 

The  idea  of  attempting  to  find  a  relationship  between  two  sub- 
jects as  foreign  to  each  other  as  engineering  and  philosophy 
must  seem  quite  absurd  to  most  people.  Here  are  two  fields  of 
aclivitv  that  are  as  antithetical  as  night  and  day.  the  one  dealing 
with  concrete  things,  materials  of  construction,  methods  of  man- 
ufacture and  design,  with  facts  and  experience;  the  other  with 
theorv.  ideas,  and  intangible  abstractions.  There  is  no  trace  of 
similarity  between  the  two.  no  identity  even  in  part,  not  even 
the  overlapping  that  is  so  evident  between  the  sciences.  Engi- 
neering, according  to  the  famous  definition  of  Tredgold,  is  the 
art  of  directing  the  great  sources  of  power  in  nature  to  the  use 
and  convenience  of  man.  The  engineer  must  devise  means  for 
controlling  this  power,  such  as  canals,  dams,  engines  and  gener- 
ators which  serve  to  produce  the  necessities  or  luxuries  of  daily 
life.  His  problems  are  economic;  a  desired  article  shall  be  pro- 
duced with  the  least  expediture  of  energy.  Philosophy,  on  the 
other  hand,  concerns  itself  with  the  discovery  and  separation  of 
the  underlying  realities  from  the  more  obvious  appearances,  and 
with  the  source,  validity,  and  unification  of  knowledge.  ^Material 
welfare  is  of  no  moment.  In  ethics  it  wishes  to  establish  com- 
I)rehensive  principles  or  rules  of  action  which  shall  guide  us  in 
all  of  our  dealings,  in  logic  correct  methods  of  thought  are  dis- 
cussed, in  psychology  the  mind  as  the  medium  of  thought  is 
analyzed.     The  philosopher  is  plainly  a  stranger  to  the  engineer. 

\"et  foreign  to  each  other  as  the  two  fields  of  endeavor  may 
be.  there  is  a  road  between  them.  The  moment  the  engineer 
changes  his  question  from,  hoic  shall  I  reach  this  end?  to  zcJ\y 
reach  this  end  at  all?  he  lias  placed  a  ft)ot  upon  the  road  to 
phil(jsophy.  A  few  more  similar  (juestions  and  he  is  well  on  the 
way.  Hesitation,  (loiil)t.  and  reflection  now  characterize  his  think- 
ing. The  ])rimary  (jualifications  of  the  philosopher  show  tlicm- 
selves.     He  may  become  both  engineer  and  jihilosopher. 

Till-:  i:.\(;ixi:i:r  a  cki-.ator  oi-    history 

The  contetUion  may  be  made  that  the  t^'Jiy  is  out  of  the  engi- 
neer's province  and  should  not  demand  his  attention;  his  duty  is 
to  do  what  he  is  told  to  do,  to  produce  and  not  to  ask  wherefore. 
A  consideration  of  the  consequences  of  an  unquestioning  com- 
pliance with  the  demand  to  get  results  without  weighing  the  true 
value  of  the  results  will  reveal  the  blunder  that  such  action  may 
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occasion.  Where  is  the  rush  for  resuhs  lea(hng  to?  Can  a 
course  bhndly  pursued  lead  to  a  safe  harbor?  A  tremendous  re- 
sponsibility rests  with  the  engineer,  greater  by  far  than  any 
•employer's  claims,  for  these  affect  only  a  few  individuals,  while 
the  engineer  as  a  class  is  hewing  a  path  in  history  of  which  no 
one  can  yet  prophesy  the  goal.  The  great  problems  that  indus- 
trialism has  raised,  the  spreading  and  cheapening  of  civilization 
with  its  attendant  good  and  evil  testify  to  the  engineer's  place  in 
creating  history.  For  rapid  changes  in  conditions  and  environ- 
ment in  which  people  must  live,  no  period  of  the  past  can  rival 
the  present.  Factories,  labor  unions,  trusts,  socialism,  million- 
dollar  estates  are  a  few  of  the  consequences  of  the  discovery  and 
development  of  mechanical  power  for  which  the  engineer  is 
responsible.  History  has  furnished  precedents  for  many  per- 
plexing situations  that  have  arisen  so  that  those  confronted  with 
the  difficulties  found  counsel  in  experience,  but  there  never  has 
been  a  period  analogous  to  the  present  to  guide  the  reformer  in 
his  attempts  at  readjustment.  Whether  we  enlist  with  the  op- 
timist who  sees  before  us  nothing  but  a  bright  light  so  dazzling 
in  its  brilliancy  that  we  are  blinded  and  must  have  time  to  accus- 
tom ourselves  to  its  intensity  before  we  can  find  our  l^earings,  or 
whether  we  join  the  pessimist  who  maintains  that  we  are  being 
led  into  a  dark  and  gloomy  forest  from  which  there  is  no  egress, 
and  into  which  the  cheering  rays  of  culture  shall  never  enter, 
the  fact  stares  us  in  the  face,  the  engineer  has  dug  a  new  channel 
for  the  stream  of  history.  The  deed  is  done;  shall  the  engineer 
continue  blindly  revolutionizing  living  conditions,  or  shall  he 
consider  and  study  the  ultimate  results  of  his  labors  with  regard 
to  their  desirability?  If  intelligence  should  guide  us  in  all  of 
our  actions,  the  answer  is  evident.  The  engineer  again  finds 
himself  on  the  road  to  philosophy. 

the  approach  to  philosophy 

The  philosopher-engineer  who  will  dare  to  pull  himself  out  of 
the  mire  of  popular  opinion  and  complacent  acquiescence  by  ask- 
ing for  the  why,  wherefore,  and  whereto,  will  be  confronted 
chiefly  with  the  problems  of  ethics.  A  little  reflection  brings  him 
face  to  face  with  difliculties  that  have  gauged  the  mental  capaci- 
ties of  thinking  men  for  centuries.  Much  loose  reasoning,  using 
for  premises  prejudices  acquired  through  years  of  contact  with 
uncritical  minds  will  become  apparent,  and  the  haziness  with 
which  many  common  terms  are  used  will  reveal  itself.  The 
inclination  of  the  ordinary  man  to  make  peremi)tory  statements 
:and  sweeping  generalizations  and  to  arrive  at  easy  conclusions 
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will  be  seen  and  O'n.k-nincMl.     A  wariness  and  caution  will  mark 
every  advance. 

Having  decided  to  clear  his  mind  of  all  detached  or  unassimi- 
lated  i<leas  and  to  discard  all  ])rejudices,  the  engineer  will  be 
called  upon  to  analyze  and  define  many  conceptions  that  are 
current  in  conversation,  where  they  are  often  given  a  finality  and 
absoluteness  that  verges  on  the  goal  after  which  philosophers 
have  striven  in  vain  from  hoary  antiquity  to  this  day.  A  few  of 
these  will  be  considered  here,  not  with  the  purpose  of  presenting 
a  definition  as  a  solution  to  the  problem,  for  that  belongs  to  the 
rare  i)hilosophical  genius,  but  to  expose,  so  far  as  it  is  possible 
for  a  person  lacking  the  equipment  for  penetrating  appearances, 
the  difiiculties  themselves,  in  the  hopes  that  some  engineers  may 
be  induced  thereby  to  search  for  solutions  in  the  works  of  more 
learned  men.  A  word  of  assurance  that  such  a  search  will  prove 
deej)ly  interesting  should  be  added.  He  who  associates  philoso- 
I)hv  with  the  spectacled,  shriveled  visage  of  some  pedant  who 
knows  nothing  about  things  as  they  actually  are  in  experience  and 
can  onlv  recite  in  a  formal  and  forbidding  manner  what  others 
have  thought,  such  a  person  does  not  know  what  a  wealth  of 
beauty  there  lies  in  store  for  him.  How  vital,  how  close  to  life 
at  all  points,  how  powerful  in  determining  our  course  of  action, 
how  sublime  are  the  truths  that  the  great  thinkers  have  arrived 
at !  At  the  same  time,  no  one  can  hope  immediately  to  grasp 
the  ideas  presented  in  the  discourse  of  the  wise,  for  such  works 
are  the  products  of  years  of  profound  thought  by  the  most  gifted 
f)f  mortal  minds.  The  terms  used  are  often  foreign  to  the  initiate, 
and  the  ideas  presented  are  strange.  A  gradual  approach,  with 
the  resolution  to  hear  and  to  be  convinced  and  to  accept  doc- 
trines which  may  at  first  sound  aljsurd  and  um"easonable,  to- 
gether with  patient  and  persistent  application,  will  yield  a  price- 
less fruit.  Bearing  these  admonitions  in  mind,  the  engineer  who 
finds  himself  confronted  with  philoso])hic  problems  to  which 
reflection  may  have  led  him  is  prepared  to  enter  the  mysterious 
realms  of  metaphysics,  logic,  and  theoretical  ethics. 

DKAWIXr.   I'l'    A    lMnrX).SOPIIY   OF   LIFE 

The  engineer  who  has  signified  an  intention  to  think  and  to 
free  himself  from  domination  by  ])reconceived  and  half-digesteil 
mitions  must  face  many  problems  outside  of  his  professional 
work.  I'lecause  discussion  of  such  subjects  as  the  Kantian 
categorical  imperative  will  not  earn  the  mighty  dollar  it  may  be 
denounced  as  useless  and  impractical,  but  this  does  not  destroy 
its  pertinence  as  a  factor  in  molding  the  characters  of  great  men 
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^vho  in  turn  influence  lesser  men  thereby.  Ideas  resulting  from 
such  discussion  can  certainly  not  be  cast  aside  as  irrelevant  to 
action.  "I  attach  more  importance  to  men's  theoretical  argu- 
ments than  to  their  practical  proposals.  I  attach  more  impor- 
tance to  what  is  said  than  to  what  is  done.  What  is  said  gener- 
ally lasts  much  longer  and  has  much  more  influence."  says  Ci.  K. 
Chesterton.  Popular  opinion  stigmatizes  philosophic  discourse 
as  unpractical  and  remote  from  life  because  its  bearing  and  influ- 
ence is  not  apparent.  Yet  no  political  or  social  reform  is  ever 
instituted  that  does  not  have  its  source  or  foundation  in  some 
deeper  idea  or  principle  which  is  in  this  way  quite  often  uncon- 
sciously applied  by  the  investigator  of  the  reform  measure.  Im- 
mediate practical  issues,  while  obvious  and  therefore  bearing  a 
semblance  of  reality,  do  not  concern  the  thinker,  because  they 
hinge  upon  more  fundamental  ideas  which  constitute  the  real' 
problems.  The  reformer's  JVcltanschauung  or  philosophy  of  life 
is  the  motive  power  behind  all  the  changes  he  effects. 

In  drawing  up  a  philosophy  of  life  the  mind  occupies  itself 
with  two  principal  tasks,  the  first  that  of  analyzing,  which  con- 
sists of  separating,  outlining,  and  clearly  dififerentiating  every 
concept ;  and  then,  when  every  idea  is  laid  bare,  its  relation  to 
other  ideas  is  studied  and  a  larger  organized  whole  is  built  out 
of  them  as  if  they  were  so  many  building  stones  each  of  a  cer- 
tain size  or  shape  and  place  in  a  larger  structure.  The  combining 
of  ideas  into  larger  and  more  complex  conceptions  constitutes 
the  second  and  more  important  step  in  the  formation  of  a  philos- 
ophy of  life. 

WHAT    IS    PROGRESS? 

Assuming  that  the  engineer  does  reflect,  which  means  that  he 
is  uncontrolled  by  opinions  unconsciously  formed,  how  does  it 
come  about  that  his  attention  is  ever  directed  toward  philosophic 
problems,  and  what  are  some  of  these  problems? 

If  the  engineer  be  modern  he  must  be  progressive.  This  man- 
date cannot  be  circumvented.  But  what  shall  he  do  to  carry  into 
execution  this  demand?  In  other  words,  what  after  all  is  meant 
bv  progress?  The  word  evidently  implies  some  standard  or  ideal 
which  must  be  clearly  seen  before  the  command  can  have  a 
meaning.  If  so,  then  the  standard  must  be  set  up.  "A  continual 
change  or  movement  toward  this  ideal  as  a  goal."  would  then 
answer  the  question.  As  an  engineer  \Vm.  Ostwald's  definition 
may  satisfy  him,  that  progress  consists  in  improved  methods  for 
seizing  and  utilizing  the  raw  energies  of  nature  for  human  ]nir- 
poses.     Improved  methods  mean  efficiency;  that  is,  an  increase 
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in  the  ratio  of  useful  energy  produced  to  energy  consumed.     A 
ratio  of  -unity  would  constitute  the  absolute  standard. 

Being  of  a  reflective  turn  of  mind  the  engineer  will  see  that 
there  are  other  kinds  of  progress,  such  as  moral  and  social  pro- 
gress, each  of  which  necessitates  a  .standard  the  realization  of 
which  constitutes  the  ideal.  Here  then  he  approaches  the  region 
of  abstraction.  The  highest  life  and  the  perfect  man  are  subjects 
upon  which  men  have  argued  since  the  birth  of  philosophy.  It 
would  be  presumptuous  even  to  attempt  to  outline  a  few  of  the 
more  important  views.  Those  who  wish  to  trace  the  underlying 
ideals  of  life  that  have  influenced  so  many  great  men  will  find  such 
a  search  extremely  interesting.  Thus  from  the  call  to  be  progress- 
ive the  engineer  is  led  into  the  mazes  of  ])hilosophic  speculation. 

THK  xi:i-:d  for  a  defixitiox  of  justice 

Most  engineers  find  employment  in  large  industrial  centers 
where  sooner  or  later  they  are  confronted  by  the  demands  of 
labor  unions  and  socialists.  Whether  they  themselves  are  re- 
quired to  meet  the  demands,  or  whether  as  managers  or  superin- 
tendents they  merely  employ  the  men  who  ask  for  better  terms. 
directly  or  indirectly,  the  engineer  is  called  upon  to  give  a  deci- 
sion in  favor  or  against  the  party  representing  labor.  The  rela- 
tions between  the  employer  and  the  employee  become  strained, 
the  latter  asks  for  a  larger  share  in  the  profits  of  his  labors ;  the 
former  maintains  that  wages  are  just,  that  competition  is  free 
and  men  are  at  liberty  to  work  their  way  up  to  better  paying 
positions  if  they  have  ambition.  The  laborer  cannot  be  convinced 
of  the  justice  of  the  present  distribution  of  the  proceeds  from 
labor ;  he  clamors  for  equity,  and  at  the  risk  of  months  of  unem- 
])loynicnt  he  tries  to  enforce  his  demands.  This  conflict  is  waged 
with  bitterness  and  often  leads  to  bloodshed.  Neither  party 
can.  see  the  other's  point  of  view,  both  are  right,  neither 
is  asking  more  from  the  other  than  is  his  just  share.  The  oppo- 
sition exists;  what  can  be  done?  A  third,  neutral  party,  may 
settle  the  dispute.  Where  does  the  difficulty  lie  when  both  sides 
honestly  believe  that  they  are  acting  in  full  justice?  The  un- 
biased observer  sees  it  in  the  different  standards  of  justice  set  up 
by  the  opposing  factions.  A  calm  consideration  of  the  principles 
involved,  using  cool  reasoning  in  ])lace  of  giving  the  reins  to 
wild  emotion,  may  solve  the  difiiculty.  From  the  particular  in- 
stance of  the  lal)orer's  demand  for  better  hours  and  wages  the 
engineer  is  led  to  the  broader  and  more  fundamental  problem  of 
justice  in  general,  an  abstraction  which  has  been  given  much 
thought   by   (he   grcitest   thinkers.      Sucli    discussion    brings   (-nt 
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other  problems;  for  example,  if  justice  be  defined  as  "the  respect 
for  the  rights  involved  in  the  ideal  of  social  manhood,"  then  the 
ideal  of  social  manhood  must  be  analyzed  and  a  mutual  agree- 
ment about  it  must  be  reached.    This  again  leads  to  speculation. 

INDIVIDUALISM    OR    SOCIALISM  ? 

In  the  demands  of  the  Socialists  there  lies  more  than  an  imme- 
diate increase  in  wages  or  a  decrease  in  working  hours.     As  is 
well    known    to   those    who   have    made    a    study   of    socialistic 
propaganda,  that  party  wishes  to  extend  the  power  of  govern- 
ment so  that  it  will  eventually  own  all  public  utilities.     Men  now 
are  wage  slaves,  they  say,  and  will  continue  to  be  so  until  they 
are  no  longer  forced  to  work   under  a   factory  system  run  by 
■extortionate  capitalists.     The  government  must  extend  its  ])ower 
so  that  the  individual  will  receive  more  protection  and  thru  it 
more   freedom.     In  opposition  to  the  socialists   stand  the  indi- 
vidualists who  wish  to  reduce  governmental  restraints  to  a  mini- 
mum and  hope  thereby  to  achieve  greater  liberty  for  the  indi- 
vidual.    Individualism  stands  for  an  unattained  ideal  and  should 
be  distinguished  from  the  meaning  so  often  given  it  by  the  press 
as  denoting  the  present  day  social  arrangement  attended  by  so 
much  disorder  and  confusion.     True  individualism  may  be  the 
nominal  goal  of  present  conditions  but  in  reality  there  is  a  strong 
drift  toward  the  socialistic  state.     Which  is  the  more  desirable? 
Socialists  with  whom  the  engineer  comes  in  contact  urge  upon 
him  a  decision  in  favor  of  either  of  two  opposing  views.     An 
intelligent  choice  requires  a  thoro  study  of  the  ideals  upheld  and 
the  consequences  of  their  enforcement.      He  vv^ho  is  willing  to 
think  sees  a  problem  here  that  merits  the  deepest  consideration. 
Having  thought   about  each  of  the   problems  mentioned   and 
•others  to  which  reflection  may  have  led  him,  and  after  a  care- 
ful study  of  the  answers  given  by  learned  men,  the  engineer  is 
ready  to  outline  his  own  conceptions  and  to  reach  his  own  con- 
clusions.    These  then  are  the  bricks,  with  which  to  build  a  phil- 
osophy of  life.     Using  coherence  as  a  criterion   these  concepts 
may  now  be  brought  together  or  eliminated  until  a  perfect  and 
harmonious  structure  is  erected.     The  building  of  such  a  struc- 
ture and   then  the  living  in  it  is  a  great  goal  to  which  every 
person  may  aspire. 


A   GRAPHICAL  METHOD   OF  DESIGNING  A 

TRAPEZOIDAL  FOOTING 

BY  A.  O.  BUDIXA,  '14 

University,  Ma\-  4,  1914. 
Editor  of  The  Tcchnoyraph: 

Dear  Sir — I  have  carefully  examined  Mr.  Budina's  solution  of  the 
prohlem  of  designing  a  trapezoid  to  accord  with  certain  prescribed  con- 
ditions. His  method  is  absolutely  original,  so  far  as  I  know,  never  having 
found  anything  similar  in  English,  French  or  German  w-orks. 

Very  truly  yours, 

N.  Cliffoki)  Rrker. 

In  large  buildings  which  are  built  up  to  or  very  near  the  prop- 
erty line  it  is  often  necessary  to  provide  a  special  construction 
for  the  footings  upon  which  the  wall  columns  rest,  so  as  not  to 
encroach  upon  the  adjacent  property.  In  order  to  secure  a 
pn)i)er  footing  the  wall  column  and  the  nearest  interior  column 
are  usually  supported  on  one  combined  footing,  and  if  the  wall 
column  is  more  heavily  loaded  than  the  interior  column,  the 
footing  necessarily  assumes  a  trapezoidal  shape.  The  shape  of 
this  trapezoid  must  be  such  that  its  centroid  lies  directly  under 
the  resultant  of  the  two  column  loads  and  it  must  be  of  sufficient 
size  so  as  not  to  exceed  the  allowable  pressure  on  the  soil. 

The  analytical  method  of  determining  the  shape  of  such  a 
trapezoid  may  be  found  in  several  of  the  standard  books\.  how- 
ever the  graphical  method  has  some  interesting  points  and  it  is 
with  this  that  we  are  at  present  concerned.  In  Fig.  i  w-e  have  the 
conditions  graphically  represented,  the  column  at  \'Y  being  in  the 
wall  and  mtjre  heavily  loaded  than  the  interior  column  at  X. 

There  are  several  graphical  methods  of  determining  the  cen- 
troid of  a  given  trapezoid,  one  of  the  most  commonly  used  is 
that  shown  in  Fig.  2.  The  sides  CD  and  AB  are  extended  and 
the  length  "b"  laid  off  from  the  point  A  to  L,  and  the  length  "a" 
laid  off  from  the  point  C  to  K.  These  two  points  are  then  con- 
nected  and  the  ])oint  where  this  line  crosses  the  median  line  is  the 
required  centroid. 

.\nother  method  is  shown  in  l-'ig.  3  and  is  as  follows.  From 
C  draw  a  line  parallel  to  the  diagonal  DP.  uiUil  it  intersects  the 
median  line  extended  to  G.  Then  divide  the  line  Gil  into  three 
parts.     The  required  centroid  lies  at  the  one  third  ])oint  from  H. 

.•^till   another  method   is  to   divide  the  trapezoid   into  two  tri- 


'Freitag's    "Architectural    Knuinccring" ;    Hool's    '•Reinforced    Concrete 
Constructii'M."  \'(  1.   11. 
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angles  and  finding  their  respective  centroids  and  connecting  them 
with  a  line.  The  point  where  this  hne  crosses  the  median  Hne  is 
the  ccntroid.- 

In  the  i)roblejn  in  hand  the  area  of  the  footing  is  determined 
directlv  fri»m  the  sum  of  the  two  loads,  the  distance  between  the 
two  columns  and  dimensions  of  the  columns  are  known. 
Let  A  =  area 

h  =  distance  between  the  parallel  sides. 

'  •'''"      "h 2~ 

The  problem  then  is  to  divide  the  sum  of  a  +  b  into  its  two 
component  parts,  a  and  b. 

For  the  purpose  of  illustration  the  conditions  as  shown  in  the 
up[)er  ix)rtion  of  Fig.  4  were  assumed.  P^  and  P.  being 
the  column  loads,  the  centers  of  the  columns  being  14  ft.  apart 
and  the  length  of  footing,  h  being  16  ft.  The  position  of  the 
resultant  is  found  by  laying  off  Po  to  scale  on  the  line  of  action 
of  P,  downward  from  the  line  YY'.  and  Pj  on  the  line  of  action 
of  P,  upward  from  YY'.  Then  drawing  a  connecting  line  and 
the  point  where  this  line  intersects  YY',  marks  the  line  of  action 
of  the  resultant  P. 

The  line  of  this  resultant  is  extended  as  is  also  the  parallel 
sides  of  the  trapezoid.  The  center  line  of  the  two  columns  HI  is 
also  drawn  as  shown.     From  Fig.  2  it  is  evident  that  the  length 

b  a 

IK  i•^  e(|ual  to-     +  a  and  that  ITL  is  equal  to      +  b  and  that  the 

sum  of  111,  and  IK  e(|uals  3  ( ' — —  1 .    In  our  case  the  total  load 

is  630,000  pounds,  assuming  a  safe  bearing  pressure  on  the  soil 
of  4000  pounds  the  area  of  the  footing  will  be  157.5  sq-  ft. 

h       16    -9-^-^-^  -—T~ 

^^ ^  =  29-53 


-"llic  pnxjfs  for  these  methods  may  be  found  in — 

"Die  tiraphische  Statik,"  by  R.  Laucnstein. 

"Die  Cjraphische  Statik  der  Baukonstruktionen,"  by  llcinrich  Miiller- 
Brcslau. 

"Statik  fur  I'.augewerkschulen  und  Baugewerksnieister,"  von  Karl 
Zillich. 
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^  (  s  — l—  b  1 
This  length  ^ is  laid  oft"  as  at  SU  and  the  lines  OR 

and  PQ  drawn  in  perpendicular  to  SU.  Then  the  diagonal  RP 
is  drawn  and  this  divides  SL'  in  two  parts,  ST  and  TU  re- 
spectively. 

The  distance  ST  is  laid  off  from  H  upward  to  the  point  K  and 
TU  is  laid  off  downward  from  I  to  the  point  L.     Then  a  length 

1  a  +  b    . 

equal  to     — - —   is   laid  off  symmetrically  midway  between  the 

parallel  sides  as  at  MN.  Then  a  line  drawn  from  L  thru  M  ex- 
tended marks  the  position  of  A  which  is  one  corner  of  the  re- 
quired trapezoid,  and  a  line  from  K  thru  N  extended  marks  the 
position  of  C,  which  is  another  corner  of  the  required  trapezoid. 
Then  draw  ID  equal  to  IC  and  HB  equal  to  AH  and  the  entire 
trapezoid  is  determined. 

It  will  be  seen  that  AB  is  equal  to  CL  since  ABM  and  CLM  are 
equal  triangles.  Likewise  AK  is  equal  to  CD.  This  being  the  case 
the  conditions  are  exactly  the  same  as  they  were  in  b'ig.  2. 


THE  BRIDGE  BUILDER 
An  eld  man,  going  a  lone  highway, 
Came  at  the  evening,  cold  and  gray, 
To  a  chasm  vast  and  deep  and  wide. 
The  old  man  crossed  in  the  twilight  dim, 
The  sullen  stream  had  no  fear  for  him ; 
But  he  turned  when  safe  on  the  other  side 
And  built  a  bridge  to  span  the  tide. 

"Old  man,"   said  a  fellow  pilgrim  near, 

"You  are  wasting  your  strength  with  building  here ; 

Your  journey  will  end  with  the  ending  day. 

You  never  again  will  pass  this  way ; 

You've  crossed  tlie  chasm   deep  and  wide, 

^Vhy  build  you  this  bridge  at  eventide?" 

The  builder  lifted  his  old  gray  head — 

"Good  friend,  in  the  path  I  have  come,"  he  said, 

"There  foUoweth  after  me   today, 

A  youth  whose  feet  must  pass  this  way. 

This  chasm  that  has  been  as  naught  to  me, 

To  that  fair-haired  youth  may  a  pitfall  be; 

He,  too,  must  cross  in  the  twilight  dim — 

Good  friend,  I  am  1)uilding  this  liridge   for  him." 

Anon. 
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EDITORIAL 

III  this,  our  last  issue  of  the  school  year  1913-1914.  we  wish  to 
thank  those  who,  through  their  cooperation,  have  helped  us  make 
this  a  red-letter  year  in  the  history  of  The  Techxogr.\pii.  We 
wish  i)articularly  to  thrmk  those  who,  although  not  in  the  College 
of  l'"-iigineering  or  even  in  tlie  University  of  Illinois  at  all.  have 
willingly  given  their  time  h>  this  ])aper.  We  feel  that  through 
the  continuance  of  this  s|)irit  of  free  giving  of  time  we  can  make 
The  Tir(  HNoiik.M'H  the  equal  if  not  the  superior  of  any  college 
technical  i)aper. 

In  this  issue  we  have  trieil  to  select  articles  wliich  would  a]>pcal 
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to  all  the  branches  of  engineering  in  a  popular  more  than  a  highly 
technical  sense.  We  woukl  appreciate  our  readers  offering  their 
opinion  at  any  time,  making  a  note  of  their  ideas  and  drojiping  it 
in  the  office.  Room  100.  Engineering  Hall.  This,  we  feel,  is  the 
only  way  in  which  this  magazine  can  become  truly  representative 
of  the  College  of  Engineering.  We  ask  all  members  to  cooperate 
^vith  us  to  further  this  idea. 


HONESTY  IN  SUMMER  READING 

To  some  freshman  and  sophomore  engineers  the  list  of  books 
from  which  a  selection  is  to  be  made  for  summer  reading  ai)pears 
to  be  a  device  on  the  part  of  the  University  to  put  into  vacation 
some  of  the  work  that  should  be  done  during  the  regular  scholas- 
tic year.  That  there  is  truth  in  this  contention  cannot  be  dis- 
puted, for  those  who  have  charge  of  the  engineer's  course  of 
study  realize  his  deficiencies  in  the  use  of  English  and  in  his 
knowledge  of  the  literature  of  his  mother  tongue,  and  rather  than 
let  the  reading  drop  entirely,  which  would  otherwise  be  neces- 
sary, they  have  asked  that  it  be  done  during  the  summer  months. 

Because  this  work  has  been  put  into  the  months  between  school 
years  instead  of  placing  it  on  the  regular  course  of  study  is, 
however,  no  justification  for  neglecting  it  or  entirely  refusing  to 
do  it.  Other  universities  require  far  heavier  work  than  this ; 
one  technical  school  demands  a  period  of  five  weeks'  summer 
work  in  the  city  factories  as  one  of  the  requisites  for  its  degree. 
Those  men  who  relieve  their  conscience  in  signing  the  state- 
ment. "This  is  to  certify  that  I  have  read  during  the  past  sum- 
mer the  works  in  the  above  list  through  which  a  line  is  drawn." 
with  the  thought  that  the  pledge  can  be  interpreted  broadly,  "the 
past  summer"  to  mean  any  time  during  the  past,  are  simply  as- 
serting under  oath  that  they  are  too  lazy  to  read  or  that  they  have 
absolutely  no  literary  tastes.  The  tendency  to  give  the  names 
of  books  read  years  ago.  or  books  that  have  been  only  casually 
glanced  at.  seems  to  indicate  that  some  men  are  getting  rather 
callous  in  matters  of  plain  honesty.  He  who  relieves  himself 
with  a  "Xo  one  knows  the  difference."  is  a  moral  coward  who 
dares  not  show  himself  in  broad  daylight.  Character  lurks  be- 
tween lines  and  in  parentheses,  and  this  person  is  enclosing  in  a 
parentheses  an  epithet  which,  uttered  by  some  one  else  against 
him.  might  occasion  violence. 

Xor  can  the  excuse  be  made  that  the  list  of  books  given  is  too 
limited.  If  all  the  works  listed  have  been  read,  others  from  the 
supplementary  list  could  be  substituted. 

To  those  who  are  honest  enough  to  say  that  they  do  not  care 
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l<!r  literature  (not  those  \\ho  say  so  because  it  is  a  conventional 
thing  for  the  engineer  to  be  indifferent  to  literature  and  who 
thirciore  join  the  crt»wd  for  cc»nvenience  sake)  we  should  add 
that  the  list  of  books  for  summer  reading,'  has  been  prei)ared 
prunarily  f<»r  them.  A  little  reatling  willingly  and  conscien- 
tiously done  will  soon  develop  the  taste  that  is  lacking. 

The  engineer  who  is  more  than  an  engineer,  who  is  a  human 
with  wider  .sympathies  and  deeper  insight  than  the  pure  techni- 
cian, is  the  man  whom  we  should  emulate.  Let  us  begin  by 
doing  our  summer  reading. 

A.  Elmknuorf,  '14. 
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r.MVKR.SITV     OF     ILIJ.VOIS     .M.VKI.Nd     IIIiAT     IX.SLLATIOX     TILSTS     FOR 
XKW    YORK    CENTRAL   LINES 

Some  rather  interesting  tests  are  being  conducted  by  the  Uni- 
versity of  Illinois  for  the  purpose  of  bettering  the  heat  insulating 
(jualities  of  the  walls  of  railway  mail  cars. 

The  i)ostc»ttice  department  has  for  some  time  been  trying  to 
secure  a  car  the  walls  of  which  would  have  a  much  smaller 
coefficient  of  heat  transmission  than  the  present  type.  Professor 
K.  C  Schmidt,  of  the  Railway  Department  of  the  University  of 
Illin<»is.  knowing  of  the  trouble  the  railroads  were  having  in 
trying  to  construct  a  better  insulated  car.  took  up  the  matter 
with  Mr.  A.  R.  Ayers.  (ieneral  Mechanical  Engineer  of  the  Xew 
York  Central  Lines,  with  the  result  that  a  number  of  experiments 
are  being  conducted  for  the  Xew  York  Central  Lines  by  the 
University  under  the  direct  supervision  of  Professor  Arthur  C. 
\\  illard.  who  is  in  charge  of  the  Heating  and  \'entilating  courses 
at  the  University.  So  far  the  tests  have  had  to  do  with  the 
amount  of  heat  lost  from  the  car  witli  insulation  between  the 
plates  and  the  i)ost  construction  of  the  car. 

As  now  constructed,  the  Wc?lls  of  a  steel  mail  car  consist  of  two 
plates  about  four  inches  ajnrt.  the  outer  H  in.  and  the  inner 
i-i^>  in.  in  thickness.  T'ctween  these  plates  are  vertical  steel 
channels  of  a  modified  form,  which  serve  as  reinforcement  to 
the  plates.  The  railroads  have  been  working  under  the  impres- 
sion that  the  heat  loss  was  intensified  by  conduction  from  the 
inner  to  the  outer  wall  by  this  steel  channel,  and  a>  a  result  have 
been  i)lacing  a  '4  in.  layer  of  agasote  insulating  material  be- 
tween the  steel  plate  and  the  lega  of  the  channel.  This  is  an 
expensive  construction,  a^  it  is  quite  a  i)roblem  to  rivet  these 
channels  seciueK    with  tin-  .•ii,':i>t.t','  in   place.     Moreover,  this  is 


College  of  Engineering  Xotes  19^ 

being  done  with  no  real  knowledge  of   what  effect  the  agasote 
has  on  the  heat  retaining  qualities  of  the  wall. 

Professor  W'illard's  apparatus  consists  of  a  box,  the  dimen- 
sions of  which  are  six  feet  each  way.  The  walls  of  the  box  are 
of  Ji  in-  tongue  and  groove  siding  with  5  in.  studding  between. 
The  air  space  is  filled  with  granulated  cork.  This  construction 
gives  a  well  insulated  wall.  One  side  of  the  box  is  removable 
so  that  different  sides  may  be  substituted.  The  tests  consist  pri- 
marily in  determining  the  heat  resisting  qualities  of  these  differ- 
ent sides  witli  various  methods  of  insulation.  Heat  is  su[)plied 
to  the  inside  of  the  box  by  means  of  a  resistance  coil  and  the 
heated  air  is  kept  in  circulation  by  an  electric  fan.  The  heat 
input  to  the  box  is  figured  from  the  total  amount  of  current  sup- 
plied to  both  the  coil  and  fan.  The  current  supplied  to  the  fan 
must  be  taken  into  consideration,  as  its  energy  is  dissipated  in 
the  form  of  heat  which  is  taken  up  by  the  air  in  the  box.  The 
inside  temperature  of  the  box  is  ascertained  by  the  average  read- 
ing of  six  long-stem  thermometers  which  are  inserted  at  various 
points. 

A  coei^cient  of  transmission  of  0.096  was  obtained  using  an 
insulated  wooden  side.  A  steel  side  with  a  34  i"-  layer  of  aga- 
sote under  the  channels  gave  a  coefficient  of  0.350.  The  next 
test  to  be  made  is  with  a  steel  side  having  no  insulation  what- 
ever. After  this,  a  test  will  be  made  on  a  steel  section  which 
has  the  space  between  the  plates  filled  with  some  kind  of  insu- 
lating material.  Professor  Willard  is  inclined  to  believe  that 
this  method  of  filling  the  space  between  the  plates  will  serve  to 
materially  reduce  the  heat  loss.  He  holds  the  opinion  that  the 
heat  loss  is  not  due  entirely  to  conduction,  but  largely  to  convec- 
tion ;  the  air  against  the  inner  wall  becoming  heated,  rises  to  the 
top  and  passes  over  to  the  outer  wall,  where  it  loses  its  heat  and 
falls,  only  to  take  up  heat  again  and  rise.  Thus  the  air  between 
the  plates  forms  an  endless  chain  which  carries  the  heat  from 
the  inside  of  the  car.  By  filling  this  space  these  convection  cur- 
rents will  be  broken  up  and  their  effect  destroyed.  The  results 
of  the  tests  are  being  anxiously  awaited  both  by  the  University 
and  the  New  York  Central  Lines. 


Professor  J.  :\I.  Bryant  of  the  Electrical  ICngineering  Depart- 
ment of  the  University  of  Illinois  was  one  of  the  men  called  to 
testifv  in  the  suit  of  the  City  of  Philadelphia  against  the  Wels- 
bach  Company.  The  suit  concerned  the  method  of  measuring 
the  candle-power  of  lights  and  Professor  Bryant  was  called  as 
an  expert  on  Illumination. 


2CO  Tiii;  Technograph 

INVESTIGATION'    OF    ELECTROLYTIC    IRON 

Mr.  Trvg\-e  D.  Yensen  of  the  Electrical  Engineering  Depart- 
ment of  the  University  of  Illinois  has.  for  the  past  two  years, 
been  making  a  special  study  of  electrolytic  irons  with  reference 
to  their  magnetic  qualities.  The  aim  has  been  to  secure  an  iron 
of  high  permeability  and  small  hysteresis  loss  and  an  iron  four 
times  more  etticient  than  any  now  in  use  has  been  secured.  A 
vacuum  furnace  was  used  for  melting  the  iron,  the  pressure  in 
the  furnace  being  reduced  to  about  one-half  centimeter  of  mer- 
curv.  Pure  iron,  when  melted  in  the  open  air,  will  absorb  a 
quantity  of  carbon  and  oxygen  and  so  be  of  inferior  quality, 
while  iron  melted  in  a  vacuum  does  not  absorb  any  of  these 
elements,  but  remains  pure.  \'arious  methods  were  used  in  cool- 
ing, tests  being  made  to  determine  the  effect  of  cooling  slowly, 
plunging  in  brine,  in  liquid  air.  etc.,  each  iron  being  tested  to 
determine  the  magnetic  qualities,  metallurgical  composition, 
chemical  composition,  strength,  and  critical  temperature.  ^Nluch 
valuable  information  has  been  gained  by  these  experiments,  the 
results  of  which  are  soon  to  be  published  in  the  form  of  a  bul- 
letin by  the  Engineering  Experiment  Station  of  the  University. 


DEPARTMENT  NOTES 
C.  E.  NOTES 

On  March  5.  Mr.  J.  J.  Burgraff.  '14.  gave  an  interesting  talk 
on  "The  Subdivision  of  California  Land,"  followed  by  an  infor- 
mal discussion.  Mr.  Lurie  gave  a  brief  talk  on  some  subdivision 
work  near  Chicago. 

At  a  meeting  held  March  19,  J.  H.  Anderson  was  appointed 
on  the  Engineering  Dance  Committee.  R.  T.  Reilly  represented 
President  F.  T.  Sheets  on  this  committee.  D.  E.  Rift'.  '14.  talked 
on  "Reinforced  Floor  Construction"  and  illustrated  dift'erent 
floor  designs  with  sketches. 

Mr.  L.  J.  Towne,  Superintendent  of  Construction  for  the 
University,  lectured  on  "Structural  Engineering  as  a  Profession" 
on  April  2.  The  discussion  on  "Roads"  by  Prof.  C.  C.  Wiley 
on  April  23  was  very  interesting.  The  lecture  was  illustrated 
with  a  number  of  lantern  slides. 

( )n  .April  29,  Mr.  O.  P>.  Kercher  gave  an  interesting  talk  on 
"The  Ins])cction  of  a  Concrete  Highway  Bridge."  Mr.  Kercher 
was  bridge  insi)ector  for  the  State  Highway  Commission  during 
his  vacation. 

E.  \V.  Freark,  '16. 


MINING  NOTES 

The  Miners  held  their  first  meeting  of  the  year  at  the  resi- 
dence of  Professor  H.  H.  Stoek  on  October  2nd.  Most  of  the 
old  boys  were  back  and  many  new  students  were  present.  Here 
the  mining  students  had  an  opportunity  to  meet  the  two  new 
members  of  their  faculty,  Professor  E.  A.  Holbrook  and  Profes- 
sor L.  E.  Young. 

During  the  summer  several  new  machines  were  installed  in 
the  mining  laboratory  and  new  equipment  placed  in  the  ventila- 
tion laboratory. 

Several  inspection  trips  were  made  during  October  and  No- 
vember to  the  mines  and  strippings  about  Danville. 

Mr.  R.  Y.  Williams,  formerly  of  the  Bureau  of  Mines,  was 
appointed  Director  of  the  Illinois  Miners'  and  Mechanics'  Insti- 
tutes, and  the  work  was  started  January  ist  under  the  super- 
vision of  the  mining  department. 

On  February  20th,  the  miners  held  one  of  the  most  successful 
smokers  they  ever  attempted.  The  large  number  of  new  men 
who  registered  in  mining  the  second  semester  turned  out  in  full 
force  and  were  welcomed  into  their  new  profession  by  the  older 
members  of  the  society.  The  most  interesting  part  of  the  pro- 
gram, was  the  speeches,  which  were  as  follows :  "The  Copper 
Strike  in  Michigan,"  by  Professor  Young;  "Mining  and  Living 
Conditions  on  the  Rand.  South  Africa,"  by  Mr.  Thos.  Hail ; 
"Coal  Mining  Conditions  in  Europe,"  by  Mr.  S.  O.  Andros ; 
"The  Duties  of  a  Mine  Surveyor,"  by  Mr.  H.  E.  Willson.  These 
speeches  were  presented  by  men  who  had  first-hand  knowledge 
of  the  subjects  which  they  discussed. 

Bradley  Stoughton,  secretary  of  the  American  Institute  of 
Mining  Engineers,  visited  the  Mining  Department  on  February 
25th.  It  was  the  intention  of  the  student  branch  of  that  organi- 
zation to  tender  him  a  banquet,  but  on  account  of  the  scarlet 
fever  scare,  it  was  prevented. 

During  Easter  vacation  the  seniors  made  their  annual  inspec- 
tion trip  to  the  mines  and  quarries  near  La  Salle,  the  factories 
of  several  manufacturers  of  mining  machinery  in  Chicago,  and 
the  steel  mills  of  Gary.  At  a  meeting  of  the  society  after  their 
return  they  gave  a  brief  resume  of  the  trip. 

Just  before  Easter  a  six  weeks'  course  in  mining  was  started 
under  the  direction  of  the  Illinois  Miners'  and  Mechanics'  Insti- 
tutes. This  course  was  arranged  to  give  instruction  to  the  prac- 
tical mining  men  of  the  state. 

A  lecture  on  the  mining  and  Geology  of  Butte  was  given  April 
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iStli  bv  Professor  A.  \.  \\  inchcll  of  the  L'nivcr>ity  of  \\  isconsin. 

The  Danville  lUilletin  of  the  Illinois  Coal  Mining  Investiga- 
tions was  ready  for  distribution  on  April  i8th.  Jt  is  the  lirst  of 
a  series  of  bulletins  which  will  furnish  much  new  information 
concerning  the  mining  of  Illinois  coals. 

( )n  April  23<1.  the  Juniors  went  to  Danville  to  survey  a  mine 
as  a  part  of  the  course  in  mines  surveying. 

S.  T.  Wallace,  '15. 


THE  RAILWAY   CLUB 

The  Railway  Club  has  had  a  very  successful  year,  practically 
all  the  men  taking  any  course  in  Railway  Engineering  or  Ad- 
ministration being  members  of  the  club.  The  instructors  also 
take  a  great. deal  of  interest  in  the  club,  always  being  ready  to 
give  a  talk  on  some  interesting  railway  subject. 

The  tirst  meeting  held  in  the  school  year  was  more  of  a  social 
event  than  anything  else.  All  railway  men  or  men  interested  in 
railway  work  were  invited  to  come,  and  the  usual  feed  was  had, 
being  supplemented  by  a  few  talks  from  the  instructors  of  the 
<lepartment. 

.Kt  the  second  meeting  of  the  year  Mr.  A.  F.  Comstock  gave  a 
very  interesting  talk  on  Railway  Signaling.  The  railway  signal 
was  discussed  from  the  first  white  and  black  ball  signal  up  to 
the  ])resent  automatic  block  signal. 

(  )n  October  31.  Prof.  A.  M.  I'.uck  of  the  Railway  E.  E  De- 
])artment  gave  a  very  instructive  talk  on  the  Features  of  Elec- 
tric Tractic^n.  The  many  advantages  of  Electric  operation  on 
heavy  trunk  lines  were  given,  showing  how  the  electric  system 
was  more  economical  than  the  steam  systetn  for  certain  lines. 

J.  A.  Wilson,  '14,  gave  a  talk  on  American  and  Foreign  Loco- 
motives at  the  next  meeting.  The  many  differences  in  the  con- 
struction of  the  locomotives  was  shown,  among  them  being  that 
luiropean  railway  almost  entirely  have  the  cylinders  1)etween  the 
drivers,  while  the  American  practice  is  to  have  the  cylinders 
out'^ide  the  drivers. 

The  .*^afety  h'ir.st  niii\cnK'iU  is  becoming  more  important  every 
year,  and  on  Deceinlirr  5  Mr.  I\.  ]'>.  Keller  ga\e  an  interesting 
talk  on  how  the  railways  are  taking  up  this  very  important  point. 

The  railways  of  South  America  are  in  about  the  same  stage 
of  development  that  the  American  railways  were  probably  fifty 
years  ago.  There  are  no  through  routes,  and  if  a  person  must 
travel  any  distance  he  is  very  likely  obliged  to  change  cars  hve 
or  si.x  times.     There  is  no  uniforniitv  in  the  track,  there  being 
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the  broad,  medium  and  narrow  gauge  lines,  whicli  in  itself  is  a 
^reat  drawback  to  the  standardization  of  the  railways.  }.  M. 
Fetherston,  '14.  gave  a  very  good  talk  on  the  railways  of  South 
America  on  January  9. 

"Physical  \"aluations  of  Railways"  was  the  subject  of  a  talk 
"by  Prof.  M.  H.  Robinson.  This  work  is  becoming  more  impor- 
tant every  year,  and  the  Interstate  Commerce  Commission  is 
giving  this  v.ork  a  great  deal  of  attention.  Prof.  E.  C.  Schmidt 
recently  served  as  an  examiner  for  the  Commerce  Commission 
at  Washington,  D.  C.  for  candidates  for  the  Board  on  the 
A'aluation  of  Railways. 

The  Railway  Department  has  finished  its  tests  on  the  Illinois 
■Central  locomotive  No.  958  and  it  has  been  returned  to  its  old 
position  of  hauling  drags  over  the  Chicago  Division. 

The  railway  test  car  which  has  been  designed  at  the  University 
for  the  Government  Railways  of  Japan  has  just  been  finished 
and  is  now  in  the  locomotive  test  laboratory  undergoing  the 
finishing  touches.  After  all  the  recording  machinery  has  been 
installed,  a  set  of  thorough  tests  will  be  made  of  all  the  instru- 
ments to  make  sure  that  everything  is  in  good  working  order. 
Then  the  instruments  will  be  taken  out  and  crated  and  every- 
thing shipped  to  Japan,  where  the  car  will  be  used  to  make  tests 
on  the  Japanese  railways. 

E.  'SI.  Kraiibi-:,  '14 


M.  E.  SOCIETY 

The  present  year  has  not  been  a  very  successful  one  as  regards 
membership  in  the  AI.  E.  Society.  This  is  due  mainly  to  the 
late  date  at  which  the  opening  smoker  was  held  and  a  canvass 
for  memberships  made.  Only  a  few  meetings  were  held  during 
the  first  semester  and  all  of  the  talks  were  made  by  members  of 
the  faculty.  However,  the  talks  were  all  of  the  very  highest 
class  and  were  deserving  of  better  attendance. 

The  present  semester  has  been  very  successful  thus  far.  .\t 
the  ofifset  a  "feed"  was  held  at  the  Y.  M.  C.  A.,  the  "eats"  con- 
sisting of  the  usual  cider,  apples,  ginger-bread  and  popcorn.  The 
usual  program  of  a  few  formal  talks  was  dispensed  with  and 
instead  the  men  gathered  around  in  bunches  telling  all  oi  the 
latest  stories.  "Lentie"  proved  to  have  the  greatest  variety  and 
soon  was  the  main  attraction.  Programs  for  the  semester  were 
-given  out  near  the  close. 

At  the  first  meeting  of  the  society  after  the  "feed,"  Prof.sesor 
Leutwiler  gave  a  talk  on  voting  machines.     Professor  l.cutwiler 
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has  served  on  several  voting  machine  commissions  and  is  very 
well  acquainted  with  the  ditTerent  kinds  of  machines.  His  talk 
was  illustrated  and  gave  a  very  good  idea  of  how  to  vote  on 
such  a  machine.     The  meeting  was  well  attended. 

On  April  i6.  Mr.  Koehlor  of  the  educational  department  of 
the  15.  F.  Goodrich  Company  gave  a  talk  on  the  manufacture  of 
rubber.  It  was  a  fine  spring  evening  and  only  a  fair  crowd 
braved  the  weather  and  came  to  the  meeting.  Mr.  Koehlor  had 
samples  of  the  various  kinds  of  rubber,  which  were  passed 
around,  and  also  some  enlarged  photos  of  the  operations  in  tlie 
gathering  and  manufacturing  processes. 

The  jjrogram  for  the  remainder  of  the  semester  consists  of  the 
following : 

The  Heat  Treatment  of  Steel,  by  C.  \V.  Lincoln.  '15 

The  History  and  development  of  the  Centrifugal  Fan.  by 
Frank  L.  Busey.  '85. 

The  Organization  of  the  Engineering  Office  of  the  Chief  Quar- 
termaster Corps  of  the  U.  S.  Army,  by  Professor  A.  C.  AMllard. 

The  Experimental  Dei)artment  of  a  Manufacturing  Plant,  by 
A.  F.  Uarron.  '15. 

Mr.  L.  H.  Schickedanz  has  been  elected  junior  member  of 
Tin-:  Ti:i  iixocRArH  Board  to  represent  the  M.  E.  Society. 


E.  E.  SOCIETY 

The  combined  A.  I.  E.  E.  and  E.  E.  Society  held  a  meeting 
about  the  miildle  of  March,  at  which  Dr.  Knipp  of  the  Physics 
department  gave  a  very  interesting  and  instructive  discussion  of 
the  jihcnitmena  relating  to  the  conduction  of  electric  charges 
through  vacua.  By  means  of  a  large  induction  coil  he  applied 
an  E.  M.  V.  of  several  thousand  volts  to  the  terminals  of  a  glass 
tube,  similar  in  form  to  a  Geissler  tube.  A  vacuum  of  only  a 
fraction  of  a  millimeter  of  mercury  was  then  produced  in  the 
tube  by  means  of  a  mercury  air  pump,  the  different  phenomena 
of  light  rays  being  discussed  by  Dr.  Knipp  as  they  appeared  in 
the  tube.  He  also  showed  experiments  by  means  of  which  the 
velocity  of  the  charged  particles  as  well  as  the  ratio  of  the 
charge  on  each  particle  to  its  mass  could  be  easily  calculated. 

The  next  lecture  was  given  a  couple  of  weeks  later  by  T.  H. 
-XMrich.  who  is  Supervising  Engineer  of  the  National  X-Ray 
Reflector  Co.  He  gave  a  very  interesting  lecture,  and  showed  a 
large  number  of  slides  representative  of  the  different  types  and 
uses  of  indirect  lighting.  One  i)oint  which  he  brought  out  was 
that  the  reflectors  must  be  kcjit  free  from  dust.     Actual  experi- 
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ments  showed  that  even  in  supposedly  clean  jjlaces  the  dust  that 
settles  on  the  reflector  in  one  month  is  sufficient  to  ahsorb  about 
ten  per  cent  of  the  light.  Another  point  brought  out  was  that 
many  of  the  so-called  systems  of  indirect  lighting  are  really  not 
indirect  at  all,  the  defining  characteristic  he  used  being  that  at 
least  half  of  the  light  must  be  obtained  by  reflection  from  the 
walls  and  ceiling. 

Considerable  interest  has  been  taken  lately  in  the  iron  pro- 
duced by  T.  D.  Yensen  by  means  of  the  electric  furnace.  At  a 
combined  meeting  of  the  A.  I.  E.  E.  and  E.  E.  Society,  held 
April  16,  Mr.  Yensen  told  of  the  work  he  has  been  doing  and 
the  results  that  are  being  obtained.  His  lecture  dealt  more  espe- 
cially with  the  magnetic  properties  of  the  iron,  although  the 
other  properties  were  considered  somewhat.  By  purifying  his 
iron  in  a  vacuum  of  less  than  a  centimeter  of  mercury,  he  was 
enabled  to  obtain  specimens  99.99'/^  pure.  This  is  probably  the 
finest  iron  ever  yet  produced,  and  the  results  obtained  by  joining 
alloys  with  it  may  have  far  reaching  effects  on  the  iron  industry 
of  the  future. 

During  the  past  year  quite  a  few  changes  have  been  made  in 
the  E.  E.  department.  The  most  important  of  these  is  probably 
the  change  in  instructors.  Last  year  we  lost  Mr.  Loring,  Hake, 
Wilson,  and  Dr.  Berg,  and  gained  Mr.  Moore,  Knight,  and  Beig- 
ler.  All  of  the  new  men,  as  well  as  the  old,  have  entered  into 
the  spirit  of  the  work  with  the  students  and  are  accepted  as 
friends  as  well  as  instructors.  Professor  Paine,  with  the  aid  of 
his  assistants,  has  been  ably  filling  the  place  left  vacant  by  Dr. 
Berg. 

Probably  the  most  important  action  taken  by  the  E.  E.  Society 
during  the  past  year  is  its  afiiliation  with  the  A.  I.  E.  E.  This 
was  only  made  temporary,  but  it  has  worked  out  so  well  that 
very  likely  next  year  it  will  be  made  permanent. 

E.  A.  Jamrs.  "15. 
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10  Kw.  Double  Current  Generator  Set 

Electrical  Machines 

Especially  Designed  for  Experimental  Work  in' 
College  Laboratories 

Double  Current  Generator:  Designed  to  illustrate  the  char- 

iacteristics  of  the  following  machines. 

Two-phase  or  three-phase  s\'nchronous  converter. 
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Wickes  Vertical  Water  Tube  Boiler 

STEEL  CASED  SETTING 


Very  high  thermal  efficiency  is  obtained  from  this  boiler  and 
setting,  because: 

1st.    High  furnace  temperature  results  from  Dutch  oven. 

2nd.  Gases  entirely  surround  and  closely  scrub  heating  surface 
from  entrance  to  release. 

3rd.  The  gases  cannot  leave  the  heating  surface.  There  is 
no  possible  chance  for  short-circuiting. 

4th.  Boiler  heating  surface  absorbs  the  heat — empty  pockets  in 
setting  lose  the  heat.    There  are  no  empty  pockets  in  this  boiler. 

5th.  The  steel  cased  settings  are  always  tight.  No  cracked, 
warped,  leaky,  defective  and  unsightly  settings  exist  with  this  setting. 

6th.  A  steel  cased  setting  is  a  simple  and  sure  cure  for  air 
infiltration  losses.  The  largest  preventable  losses  we  have  to  contend 
with  in  boiler  efficiency  are  excess  air  losses. 

7th.  A  very  long  gas  travel — hence  long  contact  with  heating 
surface  is  provided — hence  heat  absorption  is  assured. 

The  "WICKES"  boilers  are  boilers  that  engineers  and  business 
men  are,  more  and  more,  not  merely  thinking  about  and  considering, 
but  PURCHASING,  for  good  and  Profitable  reasons. 

Let  us  send  you  intensely  vital  reasons  and  facts — they  will  in- 
terest you. 

Ask  for  our  Little  Book — sent  free 

THE  WICKES  BOILER  CO. 

Main  Office  and  Works:         Saginaw,  Mich. 

Sales  Offices  in  Principal  Cities 
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The  Fire  Chief 
Will  Tell  You 


that  the  sections  of  your  city  in 
most  peril  from  fire  are  the  ware' 
house  and  factory  districts.  The 
insurance  man  will  tell  you  that 
the  warehouse  and  factory  districts 

represent  the  greatest  financial  investments 

and  pay  the  highest  premiums. 


Why? 


Because  many  of  the  buildings  in  these 
districts  are  not  of  fireproof  construction. 
In  an  increasing  degree,  however,  fire' 
proof  structures  of  reinforced  concrete  are 
supplanting  factories  and  warehouses  of 
obsolete,  non'fireproof  typ>es. 

Reinforced  concrete  buildings  are  fireproof,  waterproof,  vermin 
proof,  sanitary;  they  resist  vibration — afford  maximum  light — they 
are  permanent,  adaptable  to  all  uses — low  in  initial  cost  and  in 
maintenance  charges. 

Architects,  engineers,  owners  or  builders 
are  invited  to  write  for  our  free  book, 
"Factories  and  NA^arehouses  of  Concrete." 

UNIVERSAL  PORTLAND  CEMENT  CO. 


CHICAGO      ' 
OFFICES:        PITTSBURGH 
MINNEAPOLIS 

Plants  at  Chicago  and  Pittsburgh 


-     72  W.  Adams  St. 

Frick  Building 

Security  Bank  BIdg. 

Annual  Output  12,000,000  Barrels 
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